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ÓÄÊ 681.3
Íå÷åòêèå âåðîÿòíîñòè íå÷åòêèõ ñîáûòèé / À.È. Ïðîâîòàð, À.À. Ïðîâîòàð // Êèáåðíåòèêà è
ñèñòåìíûé àíàëèç. 2020. Òîì 56, ¹ 2. Ñ. 3–13.

²ë.: 0. Òàáë.: 0. Á³áë³îãð.: 9 íàçâ.

Àííîòàöèÿ. Ïðåäëîæåí ïîäõîä ê íàõîæäåíèþ âåðîÿòíîñòíûõ õàðàêòåðèñòèê íå÷åòêèõ ñîáûòèé.
Âåðîÿòíîñòè îïèñûâàþòñÿ íå÷åòêèìè òðåóãîëüíûìè ÷èñëàìè, êîòîðûå ìîãóò óäîâëåòâîðÿòü òåì èëè
èíûì óñëîâèÿì. Ðàññìîòðåíû ïðèìåðû âû÷èñëåíèÿ íå÷åòêèõ âåðîÿòíîñòåé íå÷åòêèõ ñîáûòèé.

Êëþ÷åâûå ñëîâà: íå÷åòêèå ìíîæåñòâà, íå÷åòêèå òðåóãîëüíûå ÷èñëà, âåðîÿòíîñòü íå÷åòêîãî ñîáûòèÿ,
íå÷åòêàÿ âåðîÿòíîñòü íå÷åòêîãî ñîáûòèÿ.
—————————————————————————————————————————————

Íå÷³òê³ éìîâ³ðíîñò³ íå÷³òêèõ ïîä³é / Î.². Ïðîâîòàð, Î.Î. Ïðîâîòàð // Ê³áåðíåòèêà òà ñèñòåìíèé
àíàë³ç. 2020. Òîì 56, ¹ 2. Ñ. 3–13.

Àíîòàö³ÿ. Çàïðîïîíîâàíî ï³äõ³ä äî çíàõîäæåííÿ éìîâ³ðí³ñíèõ õàðàêòåðèñòèê íå÷³òêèõ ïîä³é.
Éìîâ³ðíîñò³ îïèñàíî íå÷³òêèìè òðèêóòíèìè ÷èñëàìè, ÿê³ ìîæóòü çàäîâîëüíÿòè òèì ÷è ³íøèì óìîâàì.
Ðîçãëÿíóòî ïðèêëàäè îá÷èñëåííÿ íå÷³òêèõ éìîâ³ðíîñòåé íå÷³òêèõ ïîä³é.

Êëþ÷îâ³ ñëîâà: íå÷³òê³ ìíîæèíè, íå÷³òê³ òðèêóòí³ ÷èñëà, éìîâ³ðí³ñòü íå÷³òêî¿ ïîä³¿, íå÷³òêà
éìîâ³ðí³ñòü íå÷³òêî¿ ïîä³¿.
—————————————————————————————————————————————

Fuzzy probabilities of fuzzy events / O.I. Provotar, O.O. Provotar // Kibernetika i sistemnyj analiz. 2020.
Vol. 56, N 2. P. 3–13.

Abstract. An approach to finding the probabilistic characteristics of fuzzy events is proposed. Herewith
the probabilities are described by fuzzy triangular numbers that can satisfy one or another condition. Examples
of calculating the fuzzy probabilities of fuzzy events are considered.

Keywords: fuzzy sets, triangular fuzzy numbers, probability of a fuzzy event, fuzzy probability of a fuzzy
event.
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ÓÄÊ 004.9
Ïðèìåíåíèå Áëîê÷åéí-òåõíîëîãèé äëÿ ïîâûøåíèÿ êà÷åñòâà ÀÑÓ ñëîæíûõ äèíàìè÷åñêèõ ñèñòåì
/ Â.Â. Õèëåíêî // Êèáåðíåòèêà è ñèñòåìíûé àíàëèç. 2020. Òîì 56, ¹ 2. Ñ. 14–20.

²ë.: 1. Òàáë.: 0. Á³áë³îãð.: 11 íàçâ.

Àííîòàöèÿ. Ðàññìîòðåíî èñïîëüçîâàíèå áëîê÷åéí-òåõíîëîãèé äëÿ ïîâûøåíèÿ êà÷åñòâà ñèñòåì
óïðàâëåíèÿ ñëîæíûìè ðàñïðåäåëåííûìè äèíàìè÷åñêèìè ñèñòåìàìè. Ïðåäëîæåíà òåõíîëîãèÿ ñòðóêòó-
ðèçèðîâàííîãî áëîê÷åéí-ðååñòðà. Ïðåäëîæåíî ðåøåíèå âîïðîñà âûáîðà ìàòåìàòè÷åñêîãî àïïàðàòà äëÿ
ðåàëèçàöèè äàííîé òåõíîëîãèè.

Êëþ÷åâûå ñëîâà: ñëîæíàÿ ðàñïðåäåëåííàÿ äèíàìè÷åñêàÿ ñèñòåìà, áëîê÷åéí-òåõíîëîãèè, ìàòåìàòè÷åñ-
êîå ìîäåëèðîâàíèå, ñèñòåìà óïðàâëåíèÿ, ñòðóêòóðèçèðîâàííûé (êëàñòåðèçîâàííûé) áëîê÷åéí-ðååñòð,
ÑÏÏÐ, èñêóññòâåííûé èíòåëëåêò.
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Çàñòîñóâàííÿ áëîê÷åéí-òåõíîëîã³é äëÿ ï³äâèùåííÿ ÿêîñò³ ÀÑÓ ñêëàäíèõ äèíàì³÷íèõ ñèñòåì /
Â.Â. Õèëåíêî // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2020. Òîì 56, ¹ 2. Ñ. 14–20.

Àíîòàö³ÿ. Ðîçãëÿíóòî âèêîðèñòàííÿ áëîê÷åéí-òåõíîëîã³é äëÿ ï³äâèùåííÿ ÿêîñò³ ñèñòåì êåðóâàí-
íÿ ñêëàäíèìè ðîçïîä³ëåíèìè äèíàì³÷íèìè ñèñòåìàìè. Íàâåäåíî òåõíîëîã³þ ñòðóêòóðîâàíîãî áëîê-
÷åéí-ðåºñòðó. Çàïðîïîíîâàíî âèð³øåííÿ ïèòàííÿ âèáîðó ìàòåìàòè÷íîãî àïàðàòó äëÿ ðåàë³çàö³¿ òàêî¿
òåõíîëîã³¿.

Êëþ÷îâ³ ñëîâà: ñêëàäíà ðîçïîä³ëåíà äèíàì³÷íà ñèñòåìà, áëîê÷åéí-òåõíîëîã³¿, ìàòåìàòè÷íå ìîäåëþâàí-
íÿ, ñèñòåìà êåðóâàííÿ, ñòðóêòóðîâàíèé (êëàñòåðîâàíèé) áëîê÷åéí-ðåºñòð, ÑÏÏÐ, øòó÷íèé ³íòåëåêò.
—————————————————————————————————————————————

Application of blockchain technologies to improve the quality of ACS of complex dynamic systems /
V.V. Khilenko // Kibernetika i sistemnyj analiz. 2020. Vol. 56, N 2. P. 14–20.

Abstract. The use of blockchain technologies to improve the quality of control systems of complex
distributed dynamic systems is considered. The technology of structured blockchain registry is proposed. A solution
to the problem of choosing a mathematical apparatus for the implementation of this technology is proposed.

Keywords: complex distributed dynamic system, blockchain technologies, mathematical modeling, control
system, structured (clustered) blockchain registry, DSS, artificial intelligence.
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ÓÄÊ 519.816(045)
Àëãîðèòìû âûâîäà ðåøåíèé íà îñíîâå óíèôèöèðîâàííûõ ëîãè÷åñêèõ ìîäåëåé óïðàâëåíèÿ /
À.Å. Ëèòâèíåíêî // Êèáåðíåòèêà è ñèñòåìíûé àíàëèç. 2020. Òîì 56, ¹ 2. Ñ. 21–30.

²ë.: 0. Òàáë.: 0. Á³áë³îãð.: 11 íàçâ.

Àííîòàöèÿ. Ïðåäëîæåíû óíèôèöèðîâàííûå ôîðìû ìîäåëåé ïðåäñòàâëåíèÿ çíàíèé â ýêñïåðòíûõ
ñèñòåìàõ óïðàâëåíèÿ. Äîêàçàíî, ÷òî ïðè êîëè÷åñòâåííîì èçìåðåíèè õàðàêòåðèñòèê ñîñòîÿíèÿ îáúåêòà
óïðàâëåíèÿ çàäà÷à âûâîäà óïðàâëåí÷åñêîãî ðåøåíèÿ ñâîäèòñÿ ê èññëåäîâàíèþ çàäà÷è êîìáèíàòîðíîé
îïòèìèçàöèè ñ ëèíåéíîé ñòðóêòóðîé è äâóñòîðîííèìè îãðàíè÷åíèÿìè-íåðàâåíñòâàìè. Ïðèâåäåí àëãî-
ðèòì ðåøåíèÿ ïîäîáíûõ çàäà÷, ðåàëèçóþùèé èäåþ íàïðàâëåííîãî ïåðåáîðà âàðèàíòîâ.

Êëþ÷åâûå ñëîâà: ýêñïåðòíûå ñèñòåìû, óïðàâëåíèå, ëîãè÷åñêèå ìîäåëè, àëãîðèòìû, âûâîä ðåøåíèé,
îïòèìèçàöèÿ.
—————————————————————————————————————————————

Àëãîðèòìè âèâåäåííÿ ð³øåíü íà îñíîâ³ óí³ô³êîâàíèõ ëîã³÷íèõ ìîäåëåé êåðóâàííÿ /
Î.ª. Ëèòâèíåíêî // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2020. Òîì 56, ¹ 2. Ñ. 21–30.

Àíîòàö³ÿ. Çàïðîïîíîâàíî óí³ô³êîâàí³ ôîðìè ìîäåëåé ïðåäñòàâëåííÿ çíàíü â åêñïåðòíèõ ñèñòåìàõ
êåðóâàííÿ. Äîâåäåíî, ùî çà ê³ëüê³ñíîãî âèì³ðþâàííÿ õàðàêòåðèñòèê ñòàíó îá’ºêòà êåðóâàííÿ çàäà÷à âè-
âåäåííÿ óïðàâë³íñüêîãî ð³øåííÿ çâîäèòüñÿ äî äîñë³äæåííÿ çàäà÷³ êîìá³íàòîðíî¿ îïòèì³çàö³¿ ç ë³í³éíîþ
ñòðóêòóðîþ ³ äâîñòîðîíí³ìè îáìåæåííÿìè-íåð³âíîñòÿìè. Íàâåäåíî àëãîðèòì ðîçâ’ÿçàííÿ ïîä³áíèõ çà-
äà÷, ÿêèé ðåàë³çóº ³äåþ ñïðÿìîâàíîãî ïåðåáîðó âàð³àíò³â.

Êëþ÷îâ³ ñëîâà: åêñïåðòí³ ñèñòåìè, êåðóâàííÿ, ëîã³÷í³ ìîäåë³, àëãîðèòìè, âèâåäåííÿ ð³øåíü,
îïòèì³çàö³ÿ.
—————————————————————————————————————————————

Algorithms for solutions inference based on unified logical control models / A. Litvinenko // Kibernetika i
sistemnyj analiz. 2020. Vol. 56, N 2. P. 21–30.

Abstract. Unified forms of knowledge representation models in expert control systems are proposed. It is
proved that at quantitative measurement of the characteristics of the state of the controlled object, the task of
deriving a control solution is reduced to the investigation of a combinatorial optimization problem with a linear
structure and two-sided inequality constraints. An algorithm for solving such problems is given, which
implements the idea of directional selection of variants.

Keywords: expert systems, control, logical models, algorithms, inference of decisions, optimization.
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ÑÈÑÒÅÌÍÈÉ ÀÍÀË²Ç SYSTEMS ANALYSIS

ÓÄÊ 519.8
Îïòèìèçàöèÿ ìàðøðóòîâ êîìàíäû áïëà ïðè íàëè÷èè àëüòåðíàòèâíûõ è äèíàìè÷åñêèõ äåïî /
Â.Ï. Ãîðáóëèí, Ë.Ô. Ãóëÿíèöêèé, È.Â. Ñåðãèåíêî // Êèáåðíåòèêà è ñèñòåìíûé àíàëèç. 2020. Òîì 56,
¹ 2. Ñ. 31–41.

²ë.: 0. Òàáë.: 1. Á³áë³îãð.: 29 íàçâ.

Àííîòàöèÿ. Ïðåäëîæåíû ñîäåðæàòåëüíàÿ ïîñòàíîâêà è ìàòåìàòè÷åñêèå ìîäåëè ïðîáëåì îïòèìè-
çàöèè ìàðøðóòîâ êîìàíäû áåñïèëîòíûõ ëåòàòåëüíûõ àïïàðàòîâ (ÁÏËÀ) ïðè îáñëåäîâàíèè èëè îáñëó-
æèâàíèè çàäàííîãî ìíîæåñòâà îáúåêòîâ ïðè íàëè÷èè àëüòåðíàòèâíûõ è äèíàìè÷åñêèõ äåïî (ìåñò ñòàðòà
è/èëè ïðèçåìëåíèÿ) è ðåñóðñíûõ îãðàíè÷åíèé. Ê òàêèì çàäà÷àì, â ÷àñòíîñòè, îòíîñÿòñÿ ïðîáëåìû ïëà-
íèðîâàíèÿ ïîëåòîâ ÁÏËÀ, èñïîëüçóþùèõ äâèæóùèå ïëàòôîðìû â êà÷åñòâå äåïî. Êðèòåðèÿìè îïòèìè-
çàöèè ÿâëÿþòñÿ êàê ñóììàðíàÿ äëèíà ìàðøðóòîâ, òàê è êîëè÷åñòâî çàäåéñòâîâàííûõ ÁÏËÀ. Ðàçðàáîòà-
íû è ðåàëèçîâàíû àëãîðèòìû ðåøåíèÿ ñôîðìóëèðîâàííûõ çàäà÷ êîìáèíàòîðíîé îïòèìèçàöèè, îñíîâàí-
íûå íà îïòèìèçàöèè ìóðàâüèíûìè êîëîíèÿìè, òàáó ïîèñêå è ïîëíîì ïåðåáîðå. Ïðåäñòàâëåíû
ðåçóëüòàòû âû÷èñëèòåëüíîãî ýêñïåðèìåíòà.

Êëþ÷åâûå ñëîâà: îïòèìèçàöèÿ ìàðøðóòîâ, ÁÏËÀ, ìóðàâüèíûå àëãîðèòìû, äèíàìè÷åñêèå äåïî, òàáó
ïîèñê, ãðåìëèíû.
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Îïòèì³çàö³ÿ ìàðøðóò³â êîìàíäè áïëà çà íàÿâíîñò³ àëüòåðíàòèâíèõ òà äèíàì³÷íèõ äåïî / Â.Ï. Ãîðáóë³í,
Ë.Ô. Ãóëÿíèöüêèé, ².Â. Ñåðã³ºíêî // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2020. Òîì 56, ¹ 2. Ñ. 31–41.

Àíîòàö³ÿ. Çàïðîïîíîâàíî çì³ñòîâíó ïîñòàíîâêó òà ìàòåìàòè÷í³ ìîäåë³ ïðîáëåì îïòèì³çàö³¿ ìàð-
øðóò³â êîìàíäè áåçï³ëîòíèõ ë³òàëüíèõ àïàðàò³â (ÁÏËÀ) ï³ä ÷àñ îáñòåæåííÿ ÷è îáñëóãîâóâàííÿ çàäàíî¿
ìíîæèíè îá’ºêò³â çà íàÿâíîñò³ àëüòåðíàòèâíèõ òà äèíàì³÷íèõ äåïî (ì³ñöü ñòàðòó ÷è/àáî ô³í³øó) ³ ðåñóð-
ñíèõ îáìåæåíü. Äî òàêèõ ïðîáëåì íàëåæàòü, çîêðåìà, ïëàíóâàííÿ ïîëüîò³â ÁÏËÀ, ùî âèêîðèñòîâóþòü
ðóõîì³ ïëàòôîðìè ÿê äåïî. Êðèòåð³ÿìè îïòèì³çàö³¿ º ÿê ñóìàðíà äîâæèíà ìàðøðóò³â, òàê ³ ê³ëüê³ñòü
çàä³ÿíèõ ÁÏËÀ. Ðîçðîáëåíî òà ðåàë³çîâàíî àëãîðèòìè ðîçâ’ÿçóâàííÿ ñôîðìóëüîâàíèõ çàäà÷ êîìá³íàòîð-
íî¿ îïòèì³çàö³¿, ÿê³ áàçóþòüñÿ íà îïòèì³çàö³¿ ìóðàøèíèìè êîëîí³ÿìè, òàáó ïîøóêó òà ïîâíîìó ïåðåáîð³.
Íàâåäåíî ðåçóëüòàòè îá÷èñëþâàëüíîãî åêñïåðèìåíòó.

Êëþ÷îâ³ ñëîâà: îïòèì³çàö³ÿ ìàðøðóò³â, ÁÏËÀ, ìóðàøèí³ àëãîðèòìè, äèíàì³÷í³ äåïî, òàáó ïîøóê,
´ðåìë³íè.
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Optimization of uav team routes at the availability of alternative and dynamic depots / V.P. Horbulin,
L.F. Hulianytskyi, I.V. Sergienko // Kibernetika i sistemnyj analiz. 2020. Vol. 56, N 2. P. 31–41.

Abstract. The paper considers the problems of optimization of unmanned aerial vehicle (UAV) routes
which act as a team when inspecting or supporting a given set of objects in the presence of alternative and
dynamic depots (starting and/or landing sites) and resource constraints. Problem definition and mathematical
models are proposed. Such problems, in particular, include UAV flight planning problems, which use moving
platforms as a depot. The optimization criteria are both the total length of the routes and the number of UAVs
involved. Algorithms for solving formulated combinatorial optimization problems based on ant colony
optimization, tabu search, and exhaustive search have been developed and implemented. The results of the
computational experiment are presented.

Keywords: route optimization, UAV, ant algorithms, dynamic depo, tabu search, gremlins.
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ÓÄÊ 517.9

Î ñòîõàñòè÷åñêîì îïòèìàëüíîì óïðàâëåíèè äåñêðèïòîðíîé ñèñòåìîé / Ë.À. Âëàñåíêî, À.Ã. Ðóòêàñ,
Â.Â. Ñåìåíåö, À.À. ×èêðèé // Êèáåðíåòèêà è ñèñòåìíûé àíàëèç. 2020. Òîì 56, ¹ 2. Ñ. 42–52.

²ë.: 1. Òàáë.: 1. Á³áë³îãð.: 20 íàçâ.

Àííîòàöèÿ. Èññëåäîâàíà çàäà÷à îïòèìàëüíîãî óïðàâëåíèÿ äåñêðèïòîðíîé ñèñòåìîé, ýâîëþöèþ
êîòîðîé îïèñûâàþò ñòîõàñòè÷åñêèì äèôôåðåíöèàëüíî- àëãåáðàè÷åñêèì óðàâíåíèåì â ñìûñëå Èòî. Ðàñ-
ñìîòðåí êâàäðàòè÷íûé ôóíêöèîíàë êà÷åñòâà. Îñíîâíîå îãðàíè÷åíèå ñîñòîèò â òîì, ÷òî õàðàêòåðèñòè-
÷åñêèé ïó÷îê ìàòðèö, ñîîòâåòñòâóþùèé óðàâíåíèþ, ÿâëÿåòñÿ ðåãóëÿðíûì. Óñòàíîâëåíû óñëîâèÿ ñóùåñ-
òâîâàíèÿ è åäèíñòâåííîñòè îïòèìàëüíîãî óïðàâëåíèÿ è ñîîòâåòñòâóþùåãî îïòèìàëüíîãî ñîñòîÿíèÿ. Ðå-
çóëüòàòû èëëþñòðèðóþòñÿ íà ïðèìåðå ñòîõàñòè÷åñêîé äåñêðèïòîðíîé ñèñòåìû, îïèñûâàþùåé
ïåðåõîäíûå ðåæèìû â ðàäèîòåõíè÷åñêîì ôèëüòðå ñî ñëó÷àéíûìè âîçìóùåíèÿìè â âèäå áåëîãî øóìà.

Êëþ÷åâûå ñëîâà: ñòîõàñòè÷åñêîå äèôôåðåíöèàëüíî-àëãåáðàè÷åñêîå óðàâíåíèå, âèíåðîâñêèé ñëó÷àé-
íûé ïðîöåññ, êâàäðàòè÷íûé ôóíêöèîíàë êà÷åñòâà, ñòîõàñòè÷åñêîå îïòèìàëüíîå óïðàâëåíèå, ðàäèîòåõ-
íè÷åñêèé ôèëüòð, ïåðåõîäíîé ðåæèì.
—————————————————————————————————————————————

Ïðî ñòîõàñòè÷íå îïòèìàëüíå êåðóâàííÿ äåñêðèïòîðíîþ ñèñòåìîþ / Ë.À. Âëàñåíêî, À.Ã. Ðóòêàñ,
Â.Â. Ñåìåíåöü, À.Î. ×èêð³é // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2020. Òîì 56, ¹ 2. Ñ. 42–52.

Àíîòàö³ÿ. Äîñë³äæåíî çàäà÷ó îïòèìàëüíîãî êåðóâàííÿ äåñêðèïòîðíîþ ñèñòåìîþ, åâîëþö³þ ÿêî¿ îïèñó-
þòü ñòîõàñòè÷íèì äèôåðåíö³àëüíî-àëãåáðà¿÷íèì ð³âíÿííÿì ó ñåíñ³ ²òî. Ðîçãëÿíóòî êâàäðàòè÷íèé ôóíêö³îíàë
ÿêîñò³. Îñíîâíå îáìåæåííÿ ïîëÿãàº â òîìó, ùî õàðàêòåðèñòè÷íèé æìóòîê ìàòðèöü, ÿêèé â³äïîâ³äàº ð³âíÿííþ,
º ðåãóëÿðíèì. Âñòàíîâëåíî óìîâè ³ñíóâàííÿ òà ºäèíîñò³ îïòèìàëüíîãî êåðóâàííÿ òà â³äïîâ³äíîãî îïòèìàëüíî-
ãî ñòàíó. Ðåçóëüòàòè ³ëþñòðóþòüñÿ íà ïðèêëàä³ ñòîõàñòè÷íî¿ äåñêðèïòîðíî¿ ñèñòåìè, ùî îïèñóº ïåðåõ³äí³ ðå-
æèìè ó ðàä³îòåõí³÷íîìó ô³ëüòð³ ç âèïàäêîâèìè çáóðåííÿìè ó âèãëÿä³ á³ëîãî øóìó.

Êëþ÷îâ³ ñëîâà: ñòîõàñòè÷íå äèôåðåíö³àëüíî-àëãåáðà¿÷íå ð³âíÿííÿ, â³íåðîâñüêèé âèïàäêîâèé ïðîöåñ,
êâàäðàòè÷íèé ôóíêö³îíàë ÿêîñò³, ñòîõàñòè÷íå îïòèìàëüíå êåðóâàííÿ, ðàä³îòåõí³÷íèé ô³ëüòð, ïå-
ðåõ³äíèé ðåæèì.
—————————————————————————————————————————————

On the stochastic optimal control of a descriptor system / L.A. Vlasenko, A.G. Rutkas, V.V. Semenets,
A.A. Chikrii // Kibernetika i sistemnyj analiz. 2020. Vol. 56, N 2. P. 42–52.

Abstract. We study the optimal control problem of a descriptor system, whose evolution is described by
Ito’s differential-algebraic equation. The quadratic cost functional is considered. The main constraint is that the
characteristic matrix pencil corresponding to the equation is regular. We establish the conditions for the
existence and uniqueness of the optimal control and the corresponding optimal state. The results are illustrated
on an example of a descriptor system that describes transient states in a radio engineering filter with random
perturbations in the form of white noise.

Keywords: stochastic differential algebraic equation, Wiener random process, quadratic performance
functional, stochastic optimal control, radio engineering filter, transient state.
===============================================================================

ÓÄÊ 330.4:[338.33:631.58]

Ìàòåìàòè÷åñêîå ìîäåëèðîâàíèå äèâåðñèôèêàöèè ñåëüñêîõîçÿéñòâåííûõ êóëüòóð â Óêðàèíå:
íàó÷íûå ïîäõîäû è ýìïèðè÷åñêèå ðåçóëüòàòû / Å.Í. Áîðîäèíà, Ñ.Â. Êèðèçþê, À.Â. Ôðàåð,
Þ.Ì. Åðìîëüåâ, Ò.Þ. Åðìîëüåâà, Ï.Ñ. Êíîïîâ, Â.Ì. Ãîðáà÷óê // Êèáåðíåòèêà è ñèñòåìíûé àíàëèç.
2020. Òîì 56, ¹ 2. Ñ. 53–65.
²ë.: 0. Òàáë.: 2. Á³áë³îãð.: 15 íàçâ.

Àííîòàöèÿ. Îïèñàíà ìîäåëü äèâåðñèôèêàöèè ñåëüñêîõîçÿéñòâåííûõ êóëüòóð íà îñíîâå èìèòàöè-
îííîãî ìîäåëèðîâàíèÿ è ðîáàcòíûõ ðåøåíèé, ïðåäíàçíà÷åííàÿ äëÿ ïðîåêòèðîâàíèÿ è ðàçðàáîòêè îïòè-
ìàëüíîé ñòðóêòóðû ïîñåâíûõ ïëîùàäåé äëÿ ãàðìîíè÷íîãî ñî÷åòàíèÿ ñåëüñêîõîçÿéñòâåííûõ êóëüòóð ñ
ïîñòåïåííûì ïåðåõîäîì íà ïðèíöèïû óñòîé÷èâîãî õîçÿéñòâîâàíèÿ â îòå÷åñòâåííîì ñåëüñêîì õîçÿ-
éñòâå. Ïðîâåäåí äåòàëüíûé àíàëèç ñîâðåìåííîé ïðàêòèêè ìîíîêóëüòóðíîãî ïðîèçâîäñòâà è íà îñíîâå
ïðîâåäåííûõ ðàñ÷åòîâ ïðåäëîæåíà åãî äèâåðñèôèöèðîâàííàÿ ñòðóêòóðà èç 10 ñåëüñêîõîçÿéñòâåííûõ
êóëüòóð, ÷òî áóäåò ñïîñîáñòâîâàòü óñèëåíèþ âíóòðåííåé ïðîäîâîëüñòâåííîé áåçîïàñíîñòè è ãàðìîíèçà-
öèè àãðàðíîãî ðàçâèòèÿ â ýêîëîãè÷åñêîì, ñîöèàëüíîì è ýêîíîìè÷åñêîì èçìåðåíèÿõ.
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Êëþ÷åâûå ñëîâà: ñòîõàñòè÷åñêàÿ ìîäåëü îïòèìèçàöèè, ìîäåëü äèâåðñèôèêàöèè ñåëüñêîõîçÿéñòâåííûõ
êóëüòóð, êîðïîðàòèâíûé ñåêòîð, ñòðóêòóðà ïîñåâíûõ ïëîùàäåé.
—————————————————————————————————————————————

Ìàòåìàòè÷íå ìîäåëþâàííÿ äèâåðñèô³êàö³¿ ñ³ëüñüêîãîñïîäàðñüêèõ êóëüòóð â Óêðà¿í³: íàóêîâ³
ï³äõîäè òà åìï³ðè÷í³ ðåçóëüòàòè / Î.Ì. Áîðîä³íà, Ñ.Â. Êèðèçþê, Î.Â. Ôðàºð, Þ.Ì. ªðìîëüºâ,
Ò.Þ. ªðìîëüºâà, Ï.Ñ. Kíoïîâ, Â.Ì. Ãîðáà÷óê // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2020. Òîì 56, ¹ 2.
Ñ. 53–65.

Àíîòàö³ÿ. Îïèñàíî ìîäåëü äèâåðñèô³êàö³¿ ñ³ëüñüêîãîñïîäàðñüêèõ êóëüòóð íà îñíîâ³ ³ì³òàö³éíîãî
ìîäåëþâàííÿ òà ðîáàcòíèõ ð³øåíü, ïðèçíà÷åíó äëÿ ïðîºêòóâàííÿ ³ ðîçðîáëåííÿ îïòèìàëüíî¿ ñòðóêòóðè
ïîñ³âíèõ ïëîù äëÿ ãàðìîí³éíîãî ïîºäíàííÿ ñ³ëüñüêîãîñïîäàðñüêèõ êóëüòóð ç ïîñòóïîâèì ïåðåõîäîì íà
çàñàäè ñòàëîãî ãîñïîäàðþâàííÿ ó â³ò÷èçíÿíîìó ñ³ëüñüêîìó ãîñïîäàðñòâ³. Âèêîíàíî äåòàëüíèé àíàë³ç ñó-
÷àñíî¿ ïðàêòèêè ìîíîêóëüòóðíîãî âèðîáíèöòâà ³ íà îñíîâ³ ïðîâåäåíèõ ðîçðàõóíê³â çàïðîïîíîâàíî éîãî
äèâåðñèô³êîâàíó ñòðóêòóðó ³ç 10 ñ³ëüñüêîãîñïîäàðñüêèõ êóëüòóð, ùî ñïðèÿòèìå ïîñèëåííþ âíóòð³øíüî¿
ïðîäîâîëü÷î¿ áåçïåêè òà ãàðìîí³çàö³¿ àãðàðíîãî ðîçâèòêó â åêîëîã³÷íîìó, ñîö³àëüíîìó òà åêîíîì³÷íîìó
âèì³ðàõ.

Êëþ÷îâ³ ñëîâà: ñòîõàñòè÷íà ìîäåëü îïòèì³çàö³¿, ìîäåëü äèâåðñèô³êàö³¿ ñ³ëüñüêîãîñïîäàðñüêèõ êóëü-
òóð, êîðïîðàòèâíèé ñåêòîð, ñòðóêòóðà ïîñ³âíèõ ïëîù.
—————————————————————————————————————————————

Mathematic modelling of agricultural crop diversification in Ukraine: scientific approaches and
empirical results / O.M. Borodina, S.V. Kyryzyuk, O.V. Fraier, Y.M. Ermoliev, T.Y. Ermolieva,
P.S. Knopov, V.M. Gorbachuk // Kibernetika i sistemnyj analiz. 2020. Vol. 56, N 2. P. 53–65.

Abstract. The paper describes the model of agricultural crop diversification, which is based on
simulation modeling and robust solutions. The model is aimed at the design and development of the optimal
structure of crop areas for a harmonious combination of these crops with a gradual transition to the principles of
sustainable development in domestic agriculture. A detailed analysis of monocultural production in modern
practice was conducted. Performed calculations allowed suggesting diversified crop structure consisting of 10
crops ensuring food sovereignty and harmonization of agricultural development in ecological, social and
economic terms.

Keywords: stochastic model of optimization, model of agricultural crop diversification, corporate sector,
structure of sown areas.
===============================================================================

ÓÄÊ 519.21
Î òåîðåìàõ áàêñòåðîâñêîãî òèïà äëÿ îáîáùåííûõ ãàóññîâñêèõ ñëó÷àéíûõ ïðîöåññîâ ñ
íåçàâèñèìûìè çíà÷åíèÿìè / Ñ.Ì. Êðàñíèòñêèé, À.À. Êóð÷åíêî // Êèáåðíåòèêà è ñèñòåìíûé àíàëèç.
2020. Òîì 56, ¹ 2. Ñ. 66–74.

²ë.: 0. Òàáë.: 0. Á³áë³îãð.: 11 íàçâ.

Àííîòàöèÿ. Ïîñòðîåíû ïîäõîäÿùèå ñåìåéñòâà îñíîâíûõ ôóíêöèé è äîêàçàíû òåîðåìû áàêñòå-
ðîâñêîãî òèïà äëÿ îáîáùåííûõ ãàóññîâñêèõ ñëó÷àéíûõ ïðîöåññîâ ñ íåçàâèñèìûìè çíà÷åíèÿìè. Ïðèâå-
äåííûå ðåçóëüòàòû ïîçâîëÿþò ðàçáèòü ñåìåéñòâî òàêèõ ïðîöåññàì íà êëàññû, òàê ÷òî âåðîÿòíîñòíûå
ìåðû, ñîîòâåòñòâóþùèå ïðîöåññàì ðàçëè÷íûõ êëàññîâ, ñèíãóëÿðíû.

Êëþ÷åâûå ñëîâà: îáîáùåííûé ñëó÷àéíûé ïðîöåññ, òåîðåìû áàêñòåðîâñêîãî òèïà, ñèíãóëÿðíîñòü ìåð.
—————————————————————————————————————————————

Ïðî òåîðåìè áàêñòåð³âñüêîãî òèïó äëÿ óçàãàëüíåíèõ ãàóññ³âñüêèõ âèïàäêîâèõ ïðîöåñ³â ç
íåçàëåæíèìè çíà÷åííÿìè / Ñ.Ì. Êðàñíèòñüêèé, Î.Î. Êóð÷åíêî // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç.
2020. Òîì 56, ¹ 2. Ñ. 66–74.

Àíîòàö³ÿ. Ïîáóäîâàíî ï³äõîæ³ ñ³ì’¿ îñíîâíèõ ôóíêö³é ³ äîâåäåíî òåîðåìè áàêñòåð³âñüêîãî òèïó
äëÿ óçàãàëüíåíèõ ãàóññ³âñüêèõ âèïàäêîâèõ ïðîöåñ³â ç íåçàëåæíèìè çíà÷åííÿìè. Ö³ òåîðåìè çàñòîñîâàíî
äëÿ ðîçáèòòÿ íà êëàñè ñ³ì’¿ òàêèõ ïðîöåñ³â. Äîâåäåíî ñèíãóëÿðí³ñòü éìîâ³ðí³ñíèõ ì³ð, ùî â³äïîâ³äàþòü
ïðîöåñàì ð³çíèõ êëàñ³â.

Êëþ÷îâ³ ñëîâà: óçàãàëüíåíèé âèïàäêîâèé ïðîöåñ, òåîðåìè áàêñòåð³âñüêîãî òèïó, ñèíãóëÿðí³ñòü
³ìîâ³ðí³ñíèõ ì³ð.
—————————————————————————————————————————————

On Baxter type theorems for generalized random Gaussian processes with independent values /
S.M. Krasnitskiy, O.O. Kurchenko // Kibernetika i sistemnyj analiz. 2020. Vol. 56, N 2. P. 66–74.

Abstract. We construct suitable families of basic functions and prove theorems of Baxter type for
generalized Gaussian random processes with independent values. These theorems are used to divide families of
such processes into classes. The singularity of probability measures corresponding to representatives of
different classes is proved.

Keywords: generalized random process, theorems of Baxter type, singularity of probability measures.
===============================================================================
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ÓÄÊ 004.023

Ãåíåòè÷åñêèå àëãîðèòìû òóðíèðíîãî âûòåñíåíèÿ ñ ãàóññîâîé ìóòàöèåé / Â.Ï. Øèëî,
Í.Í. Ãëèáîâåö, Í.Ì. Ãóëàåâà, Å.Â. Íèêèùèõèíà // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2020. Òîì 56,
¹ 2. Ñ. 75–88.

²ë.: 5. Òàáë.: 11. Á³áë³îãð.: 11 íàçâ.

Àííîòàöèÿ. Äëÿ ðåøåíèÿ çàäà÷ ìíîãîýêñòðåìàëüíîé îïòèìèçàöèè ïðåäëîæåí íîâûé ãåíåòè÷åñ-
êèé àëãîðèòì îáðàçîâàíèÿ íèø — ãåíåòè÷åñêèé àëãîðèòì òóðíèðíîãî âûòåñíåíèÿ ñ ãàóññîâîé ìóòàöè-
åé. Ïðîâåäåííûé ñðàâíèòåëüíûé àíàëèç ïðåäëîæåííîãî àëãîðèòìà ñ äðóãèìè àëãîðèòìàìè âûòåñíåíèÿ
è ñ ïàðàëëåëüíûì àëãîðèòìîì ïîèñêà ñ âîñõîæäåíèåì ê âåðøèíàì ïîêàçàë ïðåèìóùåñòâà ðàçðàáîòàííî-
ãî àëãîðèòìà âî ìíîãèõ ñëó÷àÿõ. Ââåäåí êðèòåðèé îöåíêè ñòåïåíè ðàçáðîñà ýëåìåíòîâ ïîïóëÿöèè. Ïîêà-
çàíî, ÷òî âû÷èñëåíèå ýòîãî êðèòåðèÿ ÿâëÿåòñÿ öåëåñîîáðàçíûì äëÿ îöåíêè êà÷åñòâà ðàáîòû àëãîðèòìîâ
ïîèñêà ãëîáàëüíûõ è ëîêàëüíûõ ìàêñèìóìîâ.

Êëþ÷åâûå ñëîâà: çàäà÷à ìíîãîýêñòðåìàëüíîé îïòèìèçàöèè, ãåíåòè÷åñêèå àëãîðèòìû îáðàçîâàíèÿ íèø,
àëãîðèòìû âûòåñíåíèÿ, ïàðàëëåëüíûé àëãîðèòì ïîèñêà ñ âîñõîæäåíèåì ê âåðøèíàì, äîëÿ ëîæíûõ ïè-
êîâ.
—————————————————————————————————————————————

Ãåíåòè÷í³ àëãîðèòìè òóðí³ðíîãî âèòèñíåííÿ ç ãàóñîâîþ ìóòàö³ºþ / Â.Ï. Øèëî, Ì.Ì. Ãëèáîâåöü,
Í.Ì. Ãóëàºâà, Ê.Â. Í³ê³ù³õ³íà // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2020. Òîì 56, ¹ 2. Ñ. 75–88.

Àíîòàö³ÿ. Äëÿ ðîçâ’ÿçàííÿ çàäà÷ áàãàòîåêñòðåìàëüíî¿ îïòèì³çàö³¿ çàïðîïîíîâàíî íîâèé ãåíåòè÷-
íèé àëãîðèòì óòâîðåííÿ í³ø — ãåíåòè÷íèé àëãîðèòì òóðí³ðíîãî âèòèñíåííÿ ç ãàóñîâîþ ìóòàö³ºþ. Ïðî-
âåäåíî ïîð³âíÿëüíèé àíàë³ç éîãî ç ³íøèìè àëãîðèòìàìè âèòèñíåííÿ òà ç ïàðàëåëüíèì àëãîðèòìîì ñõîä-
æåííÿ íà âåðøèíè, ÿêèé ïîêàçàâ ïåðåâàãè ðîçðîáëåíîãî àëãîðèòìó ó áàãàòüîõ âèïàäêàõ. Ââåäåíî êðè-
òåð³é îö³íþâàííÿ ñòóïåíÿ ðîçïîðîøåíîñò³ åëåìåíò³â ïîïóëÿö³¿ òà ïîêàçàíî, ùî îá÷èñëåííÿ öüîãî
êðèòåð³þ º äîö³ëüíèì äëÿ îö³íþâàííÿ ÿêîñò³ ðîáîòè àëãîðèòì³â ïîøóêó ãëîáàëüíèõ òà ëîêàëüíèõ ìàê-
ñèìóì³â.

Êëþ÷îâ³ ñëîâà: çàäà÷à áàãàòîåêñòðåìàëüíî¿ îïòèì³çàö³¿, ãåíåòè÷í³ àëãîðèòìè óòâîðåííÿ í³ø, àëãîðèò-
ìè âèòèñíåííÿ, ïàðàëåëüíèé àëãîðèòì ñõîäæåííÿ íà âåðøèíè, ÷àñòêà õèáíèõ ï³ê³â.
—————————————————————————————————————————————

Tournament crowding genetic algorithms based on Gauss mutation / V.P. Shylo, M.M. Glybovets,
N.M. Gulayeva, K.V. Nikishchikhina // Kibernetika i sistemnyj analiz. 2020. Vol. 56, N 2. P. 75–88.

Abstract. To solve multimodal optimization problems, a new niching genetic algorithm named
tournament crowding genetic algorithm based on Gauss mutation is proposed. A comparative analysis of this
algorithm to other crowding algorithms and to parallel hill-climbing algorithm has shown the advantages of the
proposed algorithm in many cases. The FPR criterion to estimate the distribution of population elements is
proposed and it is shown that computation of this criterion is advisable to estimate algorithms solving
multimodal problems of finding global and local maxima.

Keywords: multimodal optimization problem, niching genetic algorithms, crowding algorithms, parallel
hill-climbing algorithm, fake peak ratio.
===============================================================================

ÓÄÊ 517.2+519.977.58+519.8

Îáîáùåííûå ãðàäèåíòû â çàäà÷àõ äèíàìè÷åñêîé îïòèìèçàöèè, îïòèìàëüíîãî óïðàâëåíèÿ è
ìàøèííîãî îáó÷åíèÿ / Â.È. Íîðêèí // Êèáåðíåòèêà è ñèñòåìíûé àíàëèç. 2020. Òîì 56, ¹ 2. Ñ. 89–107.

²ë.: 0. Òàáë.: 0. Á³áë³îãð.: 59 íàçâ.

Àííîòàöèÿ. Ðàññìîòðåíû íåãëàäêèå íåâûïóêëûå çàäà÷è äèíàìè÷åñêîé îïòèìèçàöèè, îïòèìàëüíî-
ãî óïðàâëåíèÿ (â äèñêðåòíîì âðåìåíè), â òîì ÷èñëå óïðàâëåíèÿ ñ îáðàòíîé ñâÿçüþ, è ìàøèííîãî îáó÷å-
íèÿ. Ïðîñëåæåíà àíàëîãèÿ ìåæäó çàäà÷àìè óïðàâëåíèÿ äèñêðåòíûìè äèíàìè÷åñêèìè ñèñòåìàìè è çàäà-
÷àìè îáó÷åíèÿ ìíîãîñëîéíûõ íåéðîííûõ ñåòåé ñ íåãëàäêèìè öåëåâûìè ôóíêöèîíàëàìè è ñâÿçÿìè.
Îáîñíîâàíû ìåòîäû âû÷èñëåíèÿ îáîáùåííûõ ãðàäèåíòîâ äëÿ òàêèõ ñèñòåì íà îñíîâå ôóíêöèé Ãàìèëü-
òîíà–Ïîíòðÿãèíà. Ãðàäèåíòíûå (ñòîõàñòè÷åñêèå) àëãîðèòìû îïòèìàëüíîãî óïðàâëåíèÿ è îáó÷åíèÿ ðàñ-
ïðîñòðàíÿþòñÿ íà íåâûïóêëûå íåãëàäêèå äèíàìè÷åñêèå ñèñòåìû.

Êëþ÷åâûå ñëîâà: äèíàìè÷åñêàÿ îïòèìèçàöèÿ, îïòèìàëüíîå óïðàâëåíèå, ìàøèííîå îáó÷åíèå, ìíîãîñ-
ëîéíûå íåéðîííûå ñåòè, ãëóáîêîå îáó÷åíèå, íåãëàäêàÿ íåâûïóêëàÿ îïòèìèçàöèÿ, ñòîõàñòè÷åñêàÿ îïòè-
ìèçàöèÿ, ñòîõàñòè÷åñêèé îáîáùåííûé ãðàäèåíò, ñòîõàñòè÷åñêîå ñãëàæèâàíèå.
—————————————————————————————————————————————

Óçàãàëüíåí³ ãðàä³ºíòè â çàäà÷àõ äèíàì³÷íî¿ îïòèì³çàö³¿, îïòèìàëüíîãî êåðóâàííÿ òà ìàøèííîãî
íàâ÷àííÿ / Â.². Íîðê³í // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2020. Òîì 56, ¹ 2. Ñ. 89–107.

Àíîòàö³ÿ. Ðîçãëÿíóòî íåãëàäê³ íåîïóêë³ çàäà÷³ äèíàì³÷íî¿ îïòèì³çàö³¿, îïòèìàëüíîãî êåðóâàííÿ
(ó äèñêðåòíîìó ÷àñ³), çîêðåìà êåðóâàííÿ ç³ çâîðîòíèì çâ’ÿçêîì, ³ ìàøèííîãî íàâ÷àííÿ. Ïðîñòåæåíî àíà-
ëîã³þ ì³æ çàäà÷àìè êåðóâàííÿ äèñêðåòíèìè äèíàì³÷íèìè ñèñòåìàìè òà çàäà÷àìè íàâ÷àííÿ áàãàòîøàðî-
âèõ íåéðîííèõ ìåðåæ ç íåãëàäêèìè ö³ëüîâèìè ôóíêö³îíàëàìè òà çâ’ÿçêàìè. Îá´ðóíòîâàíî ìåòîäè îá-
÷èñëåííÿ óçàãàëüíåíèõ ãðàä³ºíò³â äëÿ òàêèõ ñèñòåì íà îñíîâ³ ôóíêö³é Ãàì³ëüòîíà–Ïîíòðÿã³íà.
Ãðàä³ºíòí³ (ñòîõàñòè÷í³) àëãîðèòìè îïòèìàëüíîãî êåðóâàííÿ ³ íàâ÷àííÿ ïîøèðþþòüñÿ íà íåîïóêë³ íå-
ãëàäê³ äèíàì³÷í³ ñèñòåìè.
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Êëþ÷îâ³ ñëîâà: äèíàì³÷íà îïòèì³çàö³ÿ, îïòèìàëüíå êåðóâàííÿ, ìàøèííå íàâ÷àííÿ, áàãàòîøàðîâ³ íåé-
ðîíí³ ìåðåæ³, ãëèáîêå íàâ÷àííÿ, íåãëàäêà íåîïóêëà îïòèì³çàö³ÿ, ñòîõàñòè÷íà îïòèì³çàö³ÿ, ñòîõàñòè÷íèé
óçàãàëüíåíèé ãðàä³ºíò, ñòîõàñòè÷íå çãëàäæóâàííÿ.
—————————————————————————————————————————————

Generalized gradients in dynamic optimization, optimal control, and machine learning problems /
V.I. Norkin // Kibernetika i sistemnyj analiz. 2020. Vol. 56, N 2. P. 89–107.

Abstract. Problems of nonsmooth nonconvex dynamic optimization, optimal control (in discrete time),
including feedback control, and machine learning are considered from a common point of view. An analogy
between controlling discrete dynamical systems and multilayer neural networks learning problems with
nonsmooth functionals and connections is traced. Methods for computing subgradients for such systems based
on the Hamilton–Pontryagin functions are developed. Gradient (stochastic) algorithms for optimal control and
learning are extended to nonconvex nonsmooth systems.

Keywords: dynamic optimization, optimal control, machine learning, multilayer neural networks, deep
learning, nonsmooth noncovex optimization, stochastic optimization, stochastic generalized gradient, stochastic
smoothing.
===============================================================================

ÓÄÊ 519.85

Ìíîãîýòàïíûé ïîäõîä ê ðåøåíèþ îïòèìèçàöèîííîé çàäà÷è óïàêîâêè íåâûïóêëûõ
ìíîãîãðàííèêîâ / Þ.Ã. Ñòîÿí, À.Ì. ×óãàé // Êèáåðíåòèêà è ñèñòåìíûé àíàëèç. 2020. Òîì 56, ¹ 2.
Ñ. 89–107.

²ë.: 7. Òàáë.: 0. Á³áë³îãð.: 18 íàçâ.

Àííîòàöèÿ. Ðàññìàòðèâàåòñÿ çàäà÷à óïàêîâêè íåâûïóêëûõ ìíîãîãðàííèêîâ â êîíòåéíåð ìèíè-
ìàëüíîãî îáúåìà. Ïîñòðîåíà òî÷íàÿ ìàòåìàòè÷åñêàÿ ìîäåëü çàäà÷è óïàêîâêè íåâûïóêëûõ ìíîãîãðàííè-
êîâ, êîòîðûå äîïóñêàþò íåïðåðûâíûå òðàíñëÿöèè è ïîâîðîòû. Àíàëèçèðóþòñÿ ñâîéñòâà ìàòåìàòè÷åñ-
êîé ìîäåëè, íà îñíîâàíèè êîòîðûõ ðàçðàáîòàí ìíîãîýòàïíûé ïîäõîä ê ðåøåíèþ çàäà÷è. Òàêîé ïîäõîä
ïîçâîëÿåò ïîëó÷èòü îïòèìàëüíîå ðåøåíèå, êîòîðîå â îáùåì ñëó÷àå íå ÿâëÿåòñÿ ãëîáàëüíûì ìèíèìó-
ìîì, íî ÿâëÿåòñÿ äîêàçàííûì ëîêàëüíûì ìèíèìóìîì. Ïðèâåäåíû ÷èñëåííûå ïðèìåðû.

Êëþ÷åâûå ñëîâà: óïàêîâêà, íåâûïóêëûå íåîðèåíòèðîâàííûå ìíîãîðàííèêè, Ô-ôóíêöèÿ, íåëèíåéíîå
ïðîãðàììèðîâàíèå.
—————————————————————————————————————————————

Áàãàòîåòàïíèé ï³äõ³ä äî ðîçâ’ÿçàííÿ îïòèì³çàö³éíî¿ çàäà÷³ ïàêóâàííÿ íåîïóêëèõ áàãàòîãðàííèê³â
/ Þ.Ã. Ñòîÿí, À.Ì. ×óãàé // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2020. Òîì 56, ¹ 2. Ñ. 89–107.

Àíîòàö³ÿ. Ðîçãëÿíóòî çàäà÷ó ïàêóâàííÿ íåîïóêëèõ áàãàòîãðàííèê³â ó êîíòåéíåð ì³í³ìàëüíîãî
îá’ºìó. Ïîáóäîâàíî òî÷íó ìàòåìàòè÷íó ìîäåëü çàäà÷³ ïàêóâàííÿ íåîïóêëèõ áàãàòîãðàííèê³â, äëÿ ÿêèõ
ìîæëèâ³ íåïåðåðâí³ òðàíñëÿö³¿ òà ïîâîðîòè. Ïðîàíàë³çîâàíî âëàñòèâîñò³ ìàòåìàòè÷íî¿ ìîäåë³, íà îñíîâ³
ÿêèõ ðîçðîáëåíî áàãàòîåòàïíèé ï³äõ³ä äî ðîçâ’ÿçàííÿ çàäà÷³, ùî äàº çìîãó çíàéòè îïòèìàëüíèé ðîçâ’ÿ-
çîê, ÿêèé â çàãàëüíîìó âèïàäêó íå º ãëîáàëüíèì ì³í³ìóìîì, àëå º äîâåäåíèì ëîêàëüíèì ì³í³ìóìîì. Íà-
âåäåíî ÷èñåëüí³ ïðèêëàäè.

Êëþ÷îâ³ ñëîâà: ïàêóâàííÿ, íåîïóêë³ íåîð³ºíòîâàí³ áàãàòîãðàííèêè, Ô-ôóíêö³ÿ, íåë³í³éíå ïðîãðàìóâàííÿ.
—————————————————————————————————————————————

Multistage approach to solving the optimization packing problem for concave polyhedra / Y.G. Stoyan,
A.M. Chugay // Kibernetika i sistemnyj analiz. 2020. Vol. 56, N 2. P. 89–107.

Abstract. The paper considers the problem of packing concave polyhedra into a container of minimal
volume. The aim of our investigations is construction of an exact mathematical model of the packing problem
of concave polyhedra with continuous translations and rotations. Characteristics of the mathematical model are
analyzed and are used as the basid to develop a multistage solution approach to obtain a nearly optimal solution
which is not a global minimum solution but a proved local minimum. Numerical examples are given.

Keywords: packing, concave polytopes, Ô-function, nonlinear optimization.
===============================================================================

ÓÄÊ 62-503.57:622.24

Îïòèìàëüíîå ðàñïðåäåëåíèå ïðîõîäêè ïî ãëóáèíå ñêâàæèíû â óñëîâèÿõ íåîïðåäåëåííîñòè /
Ì.È. Ãîðáèé÷óê, Î.Ò. Ëàçîðèâ, ß.È. Çàÿ÷óê // Êèáåðíåòèêà è ñèñòåìíûé àíàëèç. 2020. Òîì 56, ¹ 2.
Ñ. 119–128.

²ë.: 2. Òàáë.: 1. Á³áë³îãð.: 12 íàçâ.

Àííîòàöèÿ. Ðåøåíà çàäà÷à îïòèìàëüíîãî ðàñïðåäåëåíèÿ ïðîõîäîê ïî ãëóáèíå ñêâàæèíû íà ñëó-
÷àé, êîãäà ïàðàìåòðû êðèòåðèÿ îïòèìàëüíîñòè èíòåðïðåòèðóþòñÿ êàê íå÷åòêèå ÷èñëà. Òàêîå äîïóùåíèå
ïîçâîëèëî äåòåðìèíèðîâàííóþ çàäà÷ó íåëèíåéíîãî ïðîãðàììèðîâàíèÿ ïåðåôîðìóëèðîâàòü â çàäà÷ó íå-
÷åòêîãî íåëèíåéíîãî ïðîãðàììèðîâàíèÿ. Ýôôåêòèâíîñòü ïðåäëîæåííîãî ìåòîäà ïîäòâåðæäåíà èìèòà-
öèîííûì ïðèìåðîì.

Êëþ÷åâûå ñëîâà: áóðåíèå, êðèòåðèé îïòèìàëüíîñòè, ïðîõîäêà, íå÷åòêèå ÷èñëà, èìèòàöèîííûé ïðèìåð.
—————————————————————————————————————————————
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Îïòèìàëüíèé ðîçïîä³ë ïðîõîäîê çà ãëèáèíîþ ñâåðäëîâèíè â óìîâàõ íåâèçíà÷åíîñò³ / Ì.².
Ãîðá³é÷óê, Î.Ò. Ëàçîð³â, ß.². Çàÿ÷óê // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2020. Òîì 56, ¹ 2.
Ñ. 119–128.

Àíîòàö³ÿ. Ðîçâ’ÿçàíî çàäà÷ó îïòèìàëüíîãî ðîçïîä³ëó ïðîõîäîê çà ãëèáèíîþ ñâåðäëîâèíè äëÿ âè-
ïàäêó, êîëè ïàðàìåòðè êðèòåð³þ îïòèìàëüíîñò³ ³íòåðïðåòóþòüñÿ ÿê íå÷³òê³ ÷èñëà. Òàêå ïðèïóùåííÿ äàëî
çìîãó äåòåðì³íîâàíó çàäà÷ó íåë³í³éíîãî ïðîãðàìóâàííÿ ïåðåôîðìóëþâàòè ó çàäà÷ó íå÷³òêîãî íåë³í³éíîãî
ïðîãðàìóâàííÿ. Åôåêòèâí³ñòü çàïðîïîíîâàíîãî ìåòîäó ï³äòâåðäæåíî ³ì³òàö³éíèì ïðèêëàäîì.

Êëþ÷îâ³ ñëîâà: áóð³ííÿ, êðèòåð³é îïòèìàëüíîñò³, ïðîõîäêà, íå÷³òê³ ÷èñëà, ³ì³òàö³éíèé ïðèêëàä.
—————————————————————————————————————————————

Optimal distribution of piercing by depth of a well under uncertainty / Ì.². Gorbiychuk, Î.Ò. Lazoriv,
Y.². Zaiachuk // Kibernetika i sistemnyj analiz. 2020. Vol. 56, N 2. P. 119–128.

Abstract. The poblem of optimal distribution by depth of mining hole is solved for the case where
parameters of optimality criterion are fuzzy numbers. This assumption made it possible to transform a
deterministic nonlinear programming problem into a fuzzy nonlinear programming problem. Efficiency of the
proposed method is confirmed by a simulation example.

Keywords: drilling, optimality criterion, driving, fuzzy numbers, simulation example.
===============================================================================

ÓÄÊ 519.85

Ìåòîä ðåøåíèÿ çàäà÷è óñëîâíîé îïòèìèçàöèè ñ êâàäðàòè÷íîé ôóíêöèåé öåëè íà ìíîæåñòâå
ïåðåñòàíîâîê / Ã.À. Äîíåö, Ë.Í. Êîëå÷êèíà, À.Í. Íàãîðíàÿ // Êèáåðíåòèêà è ñèñòåìíûé àíàëèç. 2020.
Òîì 56, ¹ 2. Ñ. 129–140.

²ë.: 0. Òàáë.: 0. Á³áë³îãð.: 27 íàçâ.

Àííîòàöèÿ. Ðàññìîòðåíà çàäà÷à íà ìíîæåñòâå ïåðåñòàíîâîê ñ êâàäðàòè÷íîé ôóíêöèåé öåëè è äî-
ïîëíèòåëüíûìè ëèíåéíûìè îãðàíè÷åíèÿìè. Ïðåäëîæåí ìåòîä ðåøåíèÿ ñôîðìóëèðîâàííîé çàäà÷è, êî-
òîðûé âêëþ÷àåò äâà ýòàïà. Íà ïåðâîì ýòàïå íàõîäèòñÿ ìíîæåñòâî îïîðíûõ ðåøåíèé. Ñîñòàâëÿåòñÿ êâàä-
ðàòè÷íàÿ ôóíêöèÿ äëÿ ñîîòâåòñòâóþùåé òðàíñïîçèöèè è ôîðìèðóþòñÿ ïîäçàäà÷è ñ äîïîëíèòåëüíûìè
îãðàíè÷åíèÿìè. Ïðè èõ ðåøåíèè íàõîäèòñÿ ìíîæåñòâî îïîðíûõ ðåøåíèé, óäîâëåòâîðÿþùèõ îãðàíè÷å-
íèÿì îñíîâíîé çàäà÷è. Âòîðîé ýòàï çàêëþ÷àåòñÿ â íàõîæäåíèè îïòèìàëüíîãî ðåøåíèÿ èç ïîäìíîæåñòâà
îïòèìàëüíûõ ðåøåíèé è ìíîæåñòâà äîïóñòèìûõ ðåøåíèé.

Êëþ÷åâûå ñëîâà: óñëîâíàÿ îïòèìèçàöèÿ, êâàäðàòè÷íàÿ ôóíêöèÿ, ìíîæåñòâî ïåðåñòàíîâîê, òðàíñïîçè-
öèÿ ýëåìåíòîâ, ïðèðîñò ôóíêöèè, ïðèðîñò îãðàíè÷åíèÿ, ìíîæåñòâî äîïóñòèìûõ ðåøåíèé, ìíîæåñòâî
îïîðíûõ ðåøåíèé, îïòèìàëüíîå ðåøåíèå.
—————————————————————————————————————————————

Ìåòîä ðîçâ’ÿçóâàííÿ çàäà÷³ óìîâíî¿ îïòèì³çàö³¿ ç êâàäðàòè÷íîþ ôóíêö³ºþ ö³ë³ íà ìíîæèí³
ïåðåñòàíîâîê / Ã.Ï. Äîíåöü, Ë.Ì. Êîëº÷ê³íà, À.Ì. Íàã³ðíà // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2020.
Òîì 56, ¹ 2. Ñ. 129–140.

Àíîòàö³ÿ. Ðîçãëÿíóòî çàäà÷ó íà ìíîæèí³ ïåðåñòàíîâîê ç êâàäðàòè÷íîþ ôóíêö³ºþ ö³ë³ ³ äîäàòêîâè-
ìè ë³í³éíèìè îáìåæåííÿìè. Çàïðîïîíîâàíî ìåòîä ðîçâ’ÿçàííÿ ñôîðìóëüîâàíî¿ çàäà÷³, ÿêèé ñêëàäàºòüñÿ
ç äâîõ åòàï³â. Íà ïåðøîìó åòàï³ çä³éñíþºòüñÿ çíàõîäæåííÿ ìíîæèíè îïîðíèõ ðîçâ’ÿçê³â. Ñêëàäàºòüñÿ
êâàäðàòè÷íà ôóíêö³ÿ äëÿ â³äïîâ³äíî¿ òðàíñïîçèö³¿ ³ ôîðìóþòüñÿ ï³äçàäà÷³ ç äîäàòêîâèìè îáìåæåííÿìè.
Äëÿ ¿õíüîãî ðîçâ’ÿçàííÿ çíàõîäÿòü ìíîæèíó îïîðíèõ ðîçâ’ÿçê³â, ùî çàäîâîëüíÿº îáìåæåííÿ îñíîâíî¿
çàäà÷³. Äðóãèé åòàï ïîëÿãàº â çíàõîäæåíí³ îïòèìàëüíîãî ðîçâ’ÿçêó ç ï³äìíîæèíè îïòèìàëüíèõ ðîç’ÿçê³â
³ ìíîæèíè äîïóñòèìèõ ðîçâ’ÿçê³â.

Êëþ÷îâ³ ñëîâà: óìîâíà îïòèì³çàö³ÿ, êâàäðàòè÷íà ôóíêö³ÿ, ìíîæèíà ïåðåñòàíîâîê, òðàíñïîçèö³ÿ åëå-
ìåíò³â, ïðèð³ñò ôóíêö³¿, ïðèð³ñò îáìåæåííÿ, ìíîæèíà äîïóñòèìèõ ðîçâ’ÿçê³â, ìíîæèíà îïîðíèõ ðîç-
â’ÿçê³â, îïòèìàëüíèé ðîçâ’ÿçîê.
—————————————————————————————————————————————

A method to solve the conditional optimization problem with a quadratic objective function on the set of
permutations / G.P. Donets, L.M. Koliechkina, A.M. Nahirna // Kibernetika i sistemnyj analiz. 2020.
Vol. 56, N 2. P. 129–140.

Abstract. The problem with a quadratic objetive function and additional linear constraints is considered
on the set of permutations. A solution method is proposed, which consists of two stages. At the first stage, the
set of support solutions is found. A quadratic function is composed for the corresponding transposition and
sub-problems are generated with additional constraints. A set of supporting solutions that satisfy the constraints
of the main problem can be found in the course of their solution. The second stage is to find the optimal
solution from the subset of optimal solutions and the set of feasible solutions.

Keywords: conditional optimization, quadratic function, set of permutations, transposition of elements,
increase in function, increase in constraint, set of feasible solutions, set of support solutions, optimal solution.
===============================================================================
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ÓÄÊ 519.816

Ñèñòåìà ïîääåðæêè ïðèíÿòèÿ ðåøåíèé äëÿ ðåøåíèÿ ìíîãîêðèòåðèàëüíûõ çàäà÷ ïðè
èññëåäîâàíèè ñëîæíûõ ñèñòåì / Ì.Ì. Ïîòåìêèí, À.Â. Äóáëÿí, Ð.Á. Õîì÷àê // Êèáåðíåòèêà è
ñèñòåìíûé àíàëèç. 2020. Òîì 56, ¹ 2. Ñ. 141–148.

²ë.: 4. Òàáë.: 1. Á³áë³îãð.: 18 íàçâ.

Àííîòàöèÿ. Ïðèâåäåíî îïèñàíèå ñèñòåìû ïîääåðæêè ïðèíÿòèÿ ðåøåíèé äëÿ ðåøåíèÿ ìíîãîêðè-
òåðèàëüíûõ çàäà÷ ïðè èññëåäîâàíèè ñëîæíûõ ñèñòåì, â ñëó÷àå, êîãäà ðàññìàòðèâàåòñÿ êîíå÷íîå ìíî-
æåñòâî àëüòåðíàòèâ, õàðàêòåðèñòèêè êîòîðûõ çàäàíû â òàáëè÷íîé ôîðìå. Â åå îñíîâó ïîëîæåí àíàëèç
ýòàïíîñòè ïðîâåäåíèÿ óêàçàííûõ èññëåäîâàíèé, ïî ðåçóëüòàòàì êîòîðîãî îïðåäåëåíû òðåáîâàíèÿ ê òè-
ïàì çàäà÷, êîòîðûå äîëæíû ðåøàòüñÿ ñ åå èñïîëüçîâàíèåì, è ïåðå÷íþ ìåòîäîâ, êîòîðûé â íåé öåëåñîîá-
ðàçíî ðåàëèçîâàòü. Ðàññìîòðåííàÿ ñèñòåìà ïîääåðæêè ïðèíÿòèÿ ðåøåíèé ïðåäíàçíà÷åíà äëÿ ðåøåíèÿ
çàäà÷ â óñëîâèÿõ îïðåäåëåííîñòè, à òàêæå ñòîõàñòè÷åñêîé è íåñòîõàñòè÷åñêîé íåîïðåäåëåííîñòè. Â ñî-
îòâåòñòâèè ñ îñíîâíûìè ýòàïàìè èññëåäîâàíèÿ ñëîæíûõ ñèñòåì â íåé ðåàëèçîâàíî ðÿä ìíîãîêðèòåðè-
àëüíûõ ìåòîäîâ, êîòîðûå ïîçâîëÿþò îöåíèâàòü âçàèìîñâÿçè ìåæäó ôàêòîðàìè, ñâÿçàííûìè ñ åå ôóíê-
öèîíèðîâàíèåì, îïðåäåëÿòü âàæíîñòü ïîêàçàòåëåé, êîòîðûìè îíà õàðàêòåðèçóåòñÿ, îñóùåñòâëÿòü ïî-
ñòðîåíèå ïðèîðèòåòíîãî ðÿäà ðàññìàòðèâàåìûõ àëüòåðíàòèâ èëè ôîðìèðîâàòü ÿäðî àëüòåðíàòèâ,
ïåðñïåêòèâíûõ äëÿ äàëüíåéøèõ èññëåäîâàíèé.

Êëþ÷åâûå ñëîâà: àëüòåðíàòèâà, ìíîãîêðèòåðèàëüíîå ïðèíÿòèå ðåøåíèé, ìåòîä ôîðìèðîâàíèÿ ÿäðà,
ìåòîä ðàíæèðîâàíèÿ.
—————————————————————————————————————————————

Ñèñòåìà ï³äòðèìêè ïðèéíÿòòÿ ð³øåíü äëÿ ðîçâ’ÿçàííÿ áàãàòîêðèòåð³éíèõ çàäà÷ ï³ä ÷àñ
äîñë³äæåííÿ ñêëàäíèõ ñèñòåì / Ì.Ì. Ïîòüîìê³í, Î.Â. Äóáëÿí, Ð.Á. Õîì÷àê // Ê³áåðíåòèêà òà
ñèñòåìíèé àíàë³ç. 2020. Òîì 56, ¹ 2. Ñ. 141–148.

Àíîòàö³ÿ. Íàâåäåíî îïèñ ñèñòåìè ï³äòðèìêè ïðèéíÿòòÿ ð³øåíü äëÿ ðîçâ’ÿçàííÿ áàãàòîêðè-
òåð³éíèõ çàäà÷ ï³ä ÷àñ äîñë³äæåííÿ ñêëàäíèõ ñèñòåì, êîëè ïîòð³áíî ïðîàíàë³çóâàòè ñê³í÷åííó ìíîæèíó
àëüòåðíàòèâ, õàðàêòåðèñòèêè ÿêèõ çàäàíî â òàáëè÷í³é ôîðì³. Â ¿¿ îñíîâó ïîêëàäåíî àíàë³ç åòàïíîñò³ ïðî-
âåäåííÿ çàçíà÷åíèõ äîñë³äæåíü, çà ðåçóëüòàòàìè ÿêîãî âèçíà÷åíî âèìîãè äî òèï³â çàäà÷, ùî ìàþòü áóòè
ðîçâ’ÿçàí³ ç ¿¿ âèêîðèñòàííÿì, òà ïåðåë³êó ìåòîä³â, ÿê³ â í³é äîö³ëüíî ðåàë³çóâàòè. Ðîçãëÿíóòà ñèñòåìà
ï³äòðèìêè ïðèéíÿòòÿ ð³øåíü ïðèçíà÷åíà äëÿ ðîçâ’ÿçàííÿ çàäà÷ â óìîâàõ âèçíà÷åíîñò³, à òàêîæ ñòîõàñ-
òè÷íî¿ òà íåñòîõàñòè÷íî¿ íåâèçíà÷åíîñò³. Â³äïîâ³äíî äî îñíîâíèõ åòàï³â äîñë³äæåííÿ ñêëàäíî¿ ñèñòåìè
â í³é ðåàë³çîâàíî íèçêó áàãàòîêðèòåð³éíèõ ìåòîä³â, ÿê³ äàþòü çìîãó îö³íþâàòè âçàºìîçâ’ÿçêè ì³æ ôàêòî-
ðàìè, ïîâ’ÿçàíèìè ç ¿¿ ôóíêö³îíóâàííÿì, âèçíà÷àòè âàæëèâ³ñòü ïîêàçíèê³â, ùî ¿¿ õàðàêòåðèçóþòü,
çä³éñíþâàòè ïîáóäîâó ïð³îðèòåòíîãî ðÿäó ðîçãëÿäóâàíèõ àëüòåðíàòèâ àáî ôîðìóâàòè ÿäðî àëüòåðíàòèâ,
ïåðñïåêòèâíèõ äëÿ ïîäàëüøîãî àíàë³çó.

Êëþ÷îâ³ ñëîâà: àëüòåðíàòèâà, áàãàòîêðèòåð³éíå ïðèéíÿòòÿ ð³øåííÿ, ìåòîä ôîðìóâàííÿ ÿäðà, ìåòîä
ðàíæóâàííÿ.
—————————————————————————————————————————————

Decision-making support system for solving multicriteria problems in the analysis of complex systems /
M.M. Potomkin, O.V. Dublian, R.B. Khomchak // Kibernetika i sistemnyj analiz. 2020. Vol. 56, N 2.
P. 141–148.

Abstract. The paper describes a decision-making support system for solving multi-criteria problems
during the analysis of complex systems, in the case where a finite set of alternatives whose characteristics are
given in tabular form is considered. It is based on the analysis of the phasing of such studies whose results
determine the requirements for the types of problems to be solved with its use and the list of methods that are
expedient to implement The considered decision-making support system is designed to solve problems under
certainty, as well as stochastic and non-stochastic uncertainty. In accordance with the main stages of the
analysis of complex systems, it implements a number of multi-criteria methods that allow to assess relationships
between the factors associated with its operation, determine the importance of the indicators that characterize it,
generate a priority series of the considered alternatives, or form the kernel of alternatives that are promising for
further research.

Keywords: alternative, multi-criteria decision making, kernel generation method, ranking method.
===============================================================================

ÓÄÊ 519.21

Îá îäíîì ìåòîäå ïðåäâàðèòåëüíîãî ïðîãíîçà âðåìåííûõ ðÿäîâ ôèíàíñîâûõ äàííûõ /
À.Ä. Øàòàøâèëè, È.Ø. Äèäìàíèäçå, Ã.À. Êàõèàíè, Ò.À. Ôîìèíà // Êèáåðíåòèêà è ñèñòåìíûé àíàëèç.
2020. Òîì 56, ¹ 2. Ñ. 149–156.

²ë.: 1. Òàáë.: 0. Á³áë³îãð.: 4 íàçâè.

Àííîòàöèÿ. Ðàññìîòðåíà ïðîáëåìà ïðîãíîçèðîâàíèÿ âðåìåííûõ ðÿäîâ öåí àêöèé âåäóùèõ ìèðîâûõ
êîìïàíèé, êîòîðûì ñâîéñòâåííà äîëãîâðåìåííàÿ ïàìÿòü. Äåëàåòñÿ ïðåäïîëîæåíèå, ÷òî èãíîðèðîâàíèå íà-
ëè÷èÿ ïîäîáíîé êîððåëÿöèîííîé ñòðóêòóðû âðåìåííûõ ðÿäîâ ñ ïðèìåíåíèåì òðàäèöèîííûõ ìåòîäîâ àíà-
ëèçà ïðèâîäèò ê ïîÿâëåíèþ çíà÷èòåëüíî áîëüøåé ïîãðåøíîñòè, ÷åì ó÷åò äîëãîâðåìåííîé ïàìÿòè ïðè
ôàêòè÷åñêîì îòñóòñòâèè. Ïðåäïîëàãàåòñÿ, ÷òî êîëåáàíèÿ öåí íà èíñòðóìåíòû ôèíàíñîâîãî ðûíêà îïèñû-
âàþòñÿ ïðîöåññîì Õåðñòà, êîòîðûì ìîäåëèðóþò ïðîöåññû ñ äîëãîâðåìåííîé ïàìÿòüþ. Òàêîé âðåìåííîé
ðÿä íå ìîæåò áûòü ýôôåêòèâíî ïðîàíàëèçèðîâàí ñ ïîìîùüþ òðàäèöèîííûõ ñòàöèîíàðíûõ ìîäåëåé, êîòî-
ðûå ïîëíîñòüþ èãíîðèðóþò ýòîò ôàêò. Ñòàâèòñÿ çàäà÷à: ñ èñïîëüçîâàíèåì ðàññìàòðèâàåìîãî ìåòîäà óñòà-
íîâèòü íàëè÷èå äîëãîâðåìåííîé ïàìÿòè ó èñõîäíîãî âðåìåííîãî ðÿäà è îïðåäåëèòü åãî òèï.

Êëþ÷åâûå ñëîâà: âðåìåííûå ðÿäû, ôðàêòàë, íåéðîííûå ñåòè.
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Ïðî îäèí ìåòîä ïîïåðåäíüîãî ïðîãíîçóâàííÿ ÷àñîâèõ ðÿä³â ô³íàíñîâèõ äàíèõ / À.Ä. Øàòàøâ³ë³,
².Ø. Ä³äìàí³äçå, Ã.Î. Êàõ³àí³, Ò.Î. Ôîì³íà // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2020. Òîì 56, ¹ 2.
Ñ. 149–156.

Àíîòàö³ÿ. Ðîçãëÿíóòî ïðîáëåìó ïðîãíîçóâàííÿ ÷àñîâèõ ðÿä³â ö³í àêö³é ïðîâ³äíèõ ñâ³òîâèõ êîì-
ïàí³é, ÿêèì âëàñòèâà äîâãîòåðì³íîâà ïàì’ÿòü. Çðîáëåíî ïðèïóùåííÿ, ùî ó ðàç³ çàñòîñóâàííÿ òðà-
äèö³éíèõ ìåòîä³â àíàë³çó ³ãíîðóâàííÿ íàÿâíîñò³ ïîä³áíî¿ êîðåëÿö³éíî¿ ñòðóêòóðè ÷àñîâèõ ðÿä³â ïðèçâî-
äèòü äî ïîÿâè çíà÷íî á³ëüøî¿ ïîõèáêè, í³æ âðàõóâàííÿ äîâãîòåðì³íîâî¿ ïàì’ÿò³ çà ôàêòè÷íî¿ ¿¿ â³äñóò-
íîñò³. Ïåðåäáà÷àºòüñÿ, ùî êîëèâàííÿ ö³í íà ³íñòðóìåíòè ô³íàíñîâîãî ðèíêó îïèñóþòüñÿ ïðîöåñîì
Ãåðñòà, ÿêèé ìîäåëþº ïðîöåñè ç äîâãîòåðì³íîâîþ ïàì’ÿòòþ. Òàêèé ÷àñîâèé ðÿä íå ìîæíà åôåêòèâíî
àíàë³çóâàòè çà äîïîìîãîþ òðàäèö³éíèõ ñòàö³îíàðíèõ ìîäåëåé, ÿê³ ïîâí³ñòþ ³ãíîðóþòü öåé ôàêò. Ñòà-
âèòüñÿ çàäà÷à — ç âèêîðèñòàííÿì ðîçãëÿíóòîãî ìåòîäó âñòàíîâèòè íàÿâí³ñòü äîâãîòåðì³íîâî¿ ïàì’ÿò³ ó
âèõ³äíîãî ÷àñîâîãî ðÿäó ³ âèçíà÷èòè éîãî òèï.

Êëþ÷îâ³ ñëîâà: ÷àñîâ³ ðÿäè, ôðàêòàë, íåéðîíí³ ìåðåæ³.
—————————————————————————————————————————————

A method of preliminary forecasting of time series of financial data / A.D. Shatashvili, I.Sh. Didmanidze,
G.A. Kakhiani, T.À. Fomina // Kibernetika i sistemnyj analiz. 2020. Vol. 56, N 2. P. 149–156.

Abstract. The problem of forecasting the time series of stock prices of leading global companies that are
characterized by long-term memory is considered. It is assumed that ignoring the presence of such a correlation
structure in time series using traditional methods of analysis leads to a much greater error than taking into
account long-term memory in its actual absence. It is assumed that the daily fluctuations in prices for financial
market instruments are the Hurst process, that is, they have long-term memory, which means such a time series
cannot be effectively analyzed using traditional stationary models that completely ignore this fact. Thus, the
task is set, using the R/S analysis method, to determine the presence of long-term memory in the initial time
series, to determine its type.

Keywords: data series, fractal, artificial neural networks.
===============================================================================

ÓÄÊ 519.217

Î íåîáõîäèìûõ è äîñòàòî÷íûõ óñëîâèÿõ óñòîé÷èâîñòè â ñðåäíåì êâàäðàòè÷íîì ëèíåéíûõ
ñòîõàñòè÷åñêèõ äèôôåðåíöèàëüíî-ðàçíîñòíûõ óðàâíåíèé â ÷àñòíûõ ïðîèçâîäíûõ ïîä äåéñòâèåì
âíåøíèõ âîçìóùåíèé òèïà ñëó÷àéíûõ âåëè÷èí / Ò.Î. Ëóêàøèâ, È.Â. Þð÷åíêî, Â.Ê. ßñèíñêèé //
Êèáåðíåòèêà è ñèñòåìíûé àíàëèç. 2020. Òîì 56, ¹ 2. Ñ. 157–165.

²ë.: 0. Òàáë.: 0. Á³áë³îãð.: 8 íàçâ.

Àííîòàöèÿ. Ïîëó÷åíû íåîáõîäèìûå è äîñòàòî÷íûå óñëîâèÿ óñòîé÷èâîñòè â ñðåäíåì êâàäðàòè÷-
íîì ñèëüíûõ ðåøåíèé ñòîõàñòè÷åñêèõ äèôôåðåíöèàëüíî-ðàçíîñòíûõ óðàâíåíèé â ÷àñòíûõ ïðîèçâîäíûõ
ñ ïîïàðíî íåçàâèñèìûìè âíåøíèìè ñëó÷àéíûìè âîçìóùåíèÿìè òèïà ñëó÷àéíûõ âåëè÷èí.

Êëþ÷åâûå ñëîâà: ñòîõàñòè÷åñêîå óðàâíåíèå â ÷àñòíûõ ïðîèçâîäíûõ, óñòîé÷èâîñòü â ñðåäíåì êâàäðà-
òè÷íîì, ñëó÷àéíûå âîçìóùåíèÿ.
—————————————————————————————————————————————

Ïðî íåîáõ³äí³ òà äîñòàòí³ óìîâè ñò³éêîñò³ â ñåðåäíüîìó êâàäðàòè÷íîìó ë³í³éíèõ ñòîõàñòè÷íèõ
äèôåðåíö³àëüíî-ð³çíèöåâèõ ð³âíÿíü ó ÷àñòèííèõ ïîõ³äíèõ ï³ä ä³ºþ çîâí³øíèõ çáóðåíü òèïó
âèïàäêîâèõ âåëè÷èí / Ò.Î. Ëóêàø³â, ².Â. Þð÷åíêî, Â.Ê. ßñèíñüêèé // Ê³áåðíåòèêà òà ñèñòåìíèé
àíàë³ç. 2020. Òîì 56, ¹ 2. Ñ. 157–165.

Àíîòàö³ÿ. Îäåðæàíî íåîáõ³äí³ òà äîñòàòí³ óìîâè ñò³éêîñò³ â ñåðåäíüîìó êâàäðàòè÷íîìó ñèëüíèõ
ðîçâ’ÿçê³â ñòîõàñòè÷íèõ äèôåðåíö³àëüíî-ð³çíèöåâèõ ð³âíÿíü ç ÷àñòèííèìè ïîõ³äíèìè ç ïîïàðíî íåçà-
ëåæíèìè çîâí³øíèìè âèïàäêîâèìè çáóðåííÿìè òèïó âèïàäêîâèõ âåëè÷èí.

Êëþ÷îâ³ ñëîâà: ñòîõàñòè÷íå ð³âíÿííÿ â ÷àñòèííèõ ïîõ³äíèõ, ñò³éê³ñòü â ñåðåäíüîìó êâàäðàòè÷íîìó, âè-
ïàäêîâ³ çáóðåííÿ.
—————————————————————————————————————————————

On the necessary and sufficient conditions of the stability in the mean square of the strong solutions of
linear stochastic differential-difference partial derivative equations subject to external perturbations of
the type of random variable / T.O. Lukashiv, I.V. Yurchenko, V.K. Yasynskyy // Kibernetika i sistemnyj
analiz. 2020. Vol. 56, N 2. P. 157–165.

Abstract. We obtain the necessary and sufficient conditions for the stability in the mean square of the
strong solutions of stochastic differential-difference partial derivative equations with pairwise independent
external random distributions of the type of random variables.

Keywords: stochastic partial differential equation, stability in the mean square, random perturbation.
==========================================================================

ÓÄÊ 519.6

Îá óÿçâèìîñòè ñëîæíûõ ñåòåâûõ ñòðóêòóð è ñèñòåì / À.Ä. Ïîëèùóê // Êèáåðíåòèêà è ñèñòåìíûé
àíàëèç. 2020. Òîì 56, ¹ 2. Ñ. 166–176.

²ë.: 4. Òàáë.: 0. Á³áë³îãð.: 23 íàçâè.
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Àííîòàöèÿ. Ðàññìîòðåíû ñòðóêòóðíûé è ôóíêöèîíàëüíûé ïîäõîäû ê îïðåäåëåíèþ óÿçâèìîñòè
ñëîæíûõ ñåòåâûõ ñòðóêòóð è ñèñòåì ê íåãàòèâíûì âíóòðåííèì è âíåøíèì âîçäåéñòâèÿì. Ââåäåíû ïîíÿ-
òèÿ ïàðàìåòðîâ âîçäåéñòâèÿ è ïîñðåäíè÷åñòâà ýëåìåíòîâ ñèñòåìû, ïîçâîëÿþùèå îïðåäåëÿòü âàæíåéøèå
ñ ôóíêöèîíàëüíîé òî÷êè çðåíèÿ óçëû è ðåáðà ñåòè è ðàçðàáàòûâàòü ñöåíàðèè äëÿ èäåíòèôèêàöèè ñî-
ñòàâëÿþùèõ ñèñòåìû, áëîêèðîâàíèå êîòîðûõ ìîæåò ïðèâåñòè ê íàèáîëüøèì ïîòåðÿì â ïðîöåññå åå
ôóíêöèîíèðîâàíèÿ, à òàêæå êîëè÷åñòâåííî îöåíèâàòü ýòè ïîòåðè. Ïðîàíàëèçèðîâàíà ÷óâñòâèòåëüíîñòü
ñèñòåìû ê ìàëûì èçìåíåíèÿì â îáúåìàõ äâèæåíèÿ ïîòîêîâ, çíà÷åíèÿ êîòîðûõ áëèçêè ê êðèòè÷åñêîé çà-
ãðóæåííîñòè åå ñîñòàâëÿþùèõ. Ïîëó÷åííûå ðåçóëüòàòû ìîãóò áûòü èñïîëüçîâàíû äëÿ óñîâåðøåíñòâî-
âàíèÿ ñóùåñòâóþùèõ è ðàçðàáîòêè íîâûõ ìåòîäîâ çàùèòû ðåàëüíûõ ñåòåâûõ ñèñòåì îò åñòåñòâåííûõ è
øòó÷íûõ âîçäåéñòâèé ðàçëè÷íûõ òèïîâ.

Êëþ÷åâûå ñëîâà: ñëîæíàÿ ñåòü, ñåòåâàÿ ñèñòåìà, ïîòîê, óñòîé÷èâîñòü, âëèÿíèå, ïîñðåäíè÷åñòâî.
—————————————————————————————————————————————

Ïðî óðàçëèâ³ñòü ñêëàäíèõ ìåðåæåâèõ ñòðóêòóð òà ñèñòåì / Î.Ä. Ïîë³ùóê // Ê³áåðíåòèêà òà
ñèñòåìíèé àíàë³ç. 2020. Òîì 56, ¹ 2. Ñ. 166–176.

Àíîòàö³ÿ. Ðîçãëÿíóòî ñòðóêòóðíèé òà ôóíêö³îíàëüíèé ï³äõîäè äî âèçíà÷åííÿ óðàçëèâîñò³ ñêëàä-
íèõ ìåðåæåâèõ ñòðóêòóð òà ñèñòåì äî íåãàòèâíèõ âíóòð³øí³õ òà çîâí³øí³õ âïëèâ³â. Ââåäåíî ïîíÿòòÿ ïà-
ðàìåòð³â âïëèâó òà ïîñåðåäíèöòâà åëåìåíò³â ñèñòåìè, ÿê³ íàäàþòü çìîãó âèçíà÷àòè íàéâàæëèâ³ø³ ç
ôóíêö³îíàëüíîãî ïîãëÿäó âóçëè òà ðåáðà ìåðåæ³ òà ðîçðîáëÿòè ñöåíàð³¿ äëÿ ³äåíòèô³êàö³¿ ñêëàäîâèõ ñèñ-
òåìè, áëîêóâàííÿ ÿêèõ ìîæå ïðèçâåñòè äî íàéá³ëüøèõ âòðàò ó ïðîöåñ³ ¿¿ ôóíêö³îíóâàííÿ, à òàêîæ
ê³ëüê³ñíî îö³íþâàòè ö³ âòðàòè. Ïðîàíàë³çîâàíî ÷óòëèâ³ñòü ñèñòåìè äî ìàëèõ çì³í â îá’ºìàõ ðóõó ïî-
òîê³â, çíà÷åííÿ ÿêèõ º áëèçüêèìè äî êðèòè÷íî¿ çàâàíòàæåíîñò³ ¿¿ ñêëàäîâèõ. Îòðèìàí³ ðåçóëüòàòè ìî-
æóòü áóòè âèêîðèñòàí³ äëÿ óäîñêîíàëåííÿ íàÿâíèõ òà ðîçðîáëåííÿ íîâèõ ìåòîä³â çàõèñòó ðåàëüíèõ ìå-
ðåæåâèõ ñèñòåì â³ä ïðèðîäíèõ òà øòó÷íèõ óðàæåíü ð³çíèõ òèï³â.

Êëþ÷îâ³ ñëîâà: ñêëàäíà ìåðåæà, ìåðåæåâà ñèñòåìà, ïîò³ê, ñò³éê³ñòü, âïëèâ, ïîñåðåäíèöòâî.
—————————————————————————————————————————————

Vulnerability of complex network structures and systems / O.D. Polishchuk // Kibernetika i sistemnyj
analiz. 2020. Vol. 56, N 2. P. 166–176.

Abstract. Structural and functional approaches to the determination of vulnerability of complex network
structures and systems to negative internal and external influences are considered. The concept of parameters of
influence and betweenness of system elements is introduced, which allows us to identify the most important from the
functional point of view nodes and edges of the network and develop scenarios for identifying those components of
the system whose blocking can cause greatest losses in the process of its functioning, and also quantify these losses.
The sensitivity of the system to small variations in the volume of flow movement, which are close to the critical
loading of its components, is analyzed. The obtained results can be used to improve the available methods and
develop new ones to protect real network systems from various natural and artificial damages.

Keywords: complex network, network system, flow, stability, influence, betweenness.
===============================================================================

ÓÄÊ 621.391:519.2

Îöåíêè ñòîéêîñòè ñèììåòðè÷íîé øèôðñèñòåìû Ring-LWE îòíîñèòåëüíî àòàêè ñ âûáðàííûì
îòêðûòûì òåêñòîì / Ñ.Ì. Èãíàòåíêî // Êèáåðíåòèêà è ñèñòåìíûé àíàëèç. 2020. Òîì 56, ¹ 2.
Ñ. 177–181.

²ë.: 0. Òàáë.: 1. Á³áë³îãð.: 5 íàçâ.

Àííîòàöèÿ. Ïîëó÷åíû îöåíêè ñòîéêîñòè ñèììåòðè÷íîé øèôðñèñòåìû Ring-LWE îòíîñèòåëüíî
àòàêè ñ âûáðàííûì îòêðûòûì òåêñòîì, îñíîâàííûå íà ïðèìåíåíèè îáîáùåííîãî àëãîðèòìà BKW. Íàé-
äåííûå îöåíêè ïîçâîëÿþò íåïîñðåäñòâåííî âûáèðàòü çíà÷åíèÿ ïàðàìåòðîâ øèôðñèñòåìû, èñõîäÿ èç
òðåáîâàíèé ê åå ñòîéêîñòè îòíîñèòåëüíî èçâåñòíûõ àòàê ñ âûáðàííûì îòêðûòûì òåêñòîì. Âîçìîæíîñòü
ïðèìåíåíèÿ îáîáùåííîãî àëãîðèòìà BKW ÿâëÿåòñÿ ñóùåñòâåííûì ôàêòîðîì, âëèÿþùèì íà ñòîéêîñòü
äàííîé øèôðñèñòåìû îòíîñèòåëüíî òàêèõ àòàê.

Êëþ÷åâûå ñëîâà: øèôðñèñòåìà Ring-LWE, àòàêà ñ âûáðàííûì îòêðûòûì òåêñòîì, îáîáùåííûé àëãî-
ðèòì BKW, îöåíêà ñòîéêîñòè.
—————————————————————————————————————————————

Îö³íêè ñò³éêîñò³ ñèìåòðè÷íî¿ øèôðñèñòåìè Ring-LWE â³äíîñíî àòàêè ç ï³ä³áðàíèì â³äêðèòèì
òåêñòîì / Ñ.Ì. ²ãíàòåíêî // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2020. Òîì 56, ¹ 2. Ñ. 177–181.

Àíîòàö³ÿ. Îòðèìàíî îö³íêè ñò³éêîñò³ ñèìåòðè÷íî¿ øèôðñèñòåìè Ring-LWE â³äíîñíî àòàêè ç
ï³ä³áðàíèìè â³äêðèòèìè òåêñòàìè, ÿê³ áàçóþòüñÿ íà çàñòîñóâàíí³ óçàãàëüíåíîãî àëãîðèòìó BKW. Îòðè-
ìàí³ îö³íêè äàþòü çìîãó áåçïîñåðåäíüî âèáèðàòè çíà÷åííÿ ïàðàìåòð³â øèôðñèñòåìè, âèõîäÿ÷è ç âèìîã
äî ¿¿ ñò³éêîñò³ â³äíîñíî â³äîìèõ àòàê ç ï³ä³áðàíèìè â³äêðèòèìè òåêñòàìè. Ìîæëèâ³ñòü çàñòîñóâàííÿ óçà-
ãàëüíåíîãî àëãîðèòìó BKW º ñóòòºâèì ôàêòîðîì äëÿ âèçíà÷åííÿ ñò³éêîñò³ ïîñòêâàíòîâèõ øèôðñèñòåì
òèïó Ring-LWE â³äíîñíî öèõ àòàê.

Êëþ÷îâ³ ñëîâà: øèôðñèñòåìà Ring-LWE, àòàêà ç ï³ä³áðàíèìè â³äêðèòèìè òåêñòàìè, óçàãàëüíåíèé àëãî-
ðèòì BKW, îö³íêà ñò³éêîñò³.
—————————————————————————————————————————————
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Security estimates of a Ring-LWE symmetric cryptosystem against chosen plaintext attack /
S.M. Ihnatenko // Kibernetika i sistemnyj analiz. 2020. Vol. 56, N 2. P. 177–181.

Abstract. In terms of application of the generalized BKW algorithm, the estimates of security of
Ring-LWE symmetric cryptosystem against chosen plaintext attack have been obtained. These estimates allow
us to choose the cryptosystem parameters directly proceeding from requirements of its security against chosen
plaintext attacks. The ability to apply the generalized BKW algorithm is an important factor that affects the
cryptosystem security against chosen plaintext attacks.

Keywords: Ring-LWE cryptosystem, chosen plaintext attack, generalized BKW algorithm, security estimate.
===============================================================================

ÏÐÎÃÐÀÌÍÎ-ÒÅÕÍ²×Í² ÊÎÌÏËÅÊÑÈ SOFTWARE–HARDWARE SYSTEMS

ÓÄÊ 621.317+681.849

Îáîñíîâàíèå ïðèíöèïèàëüíîé âîçìîæíîñòè ïðèìåíåíèÿ íåéðîííûõ ñåòåé ãëóáîêîãî îáó÷åíèÿ
äëÿ ïîñòðîåíèÿ ñèñòåìû âûÿâëåíèÿ ñëåäîâ öèôðîâîé îáðàáîòêè ôîíîãðàìì / Â.È. Ñîëîâüåâ,
Î.Â. Ðûáàëüñêèé, Â.Â. Æóðàâåëü // Êèáåðíåòèêà è ñèñòåìíûé àíàëèç. 2020. Òîì 56, ¹ 2. Ñ. 182–188.

²ë.: 4. Òàáë.: 1. Á³áë³îãð.: 25 íàçâ.

Àííîòàöèÿ. Íà ìîäåëè íåéðîííîé ñåòè ãëóáîêîãî îáó÷åíèÿ îáîñíîâàíà è ïðîâåðåíà ïðèíöèïè-
àëüíàÿ ïðèãîäíîñòü äàííîé ñåòè äëÿ ñîçäàíèÿ âûñîêîýôôåêòèâíîãî ýêñïåðòíîãî èíñòðóìåíòàðèÿ, ïðåä-
íàçíà÷åííîãî äëÿ âûÿâëåíèÿ ñëåäîâ öèôðîâîé îáðàáîòêè â ôîíîãðàììàõ. Ýêñïåðèìåíò ïðîâåäåí íà
áîëüøîì îáúåìå (áîëåå 100000) ýêñïåðèìåíòàëüíûõ ôðàãìåíòîâ íåîáðàáîòàííûõ ïàóç ôîíîãðàìì è
ïàóç ñî ñëåäàìè îáðàáîòêè, ïîëó÷åííûõ â àâòîìàòè÷åñêîì ðåæèìå. Íàéäåííûå çàâèñèìîñòè ïîêàçàëè,
÷òî ïðè ïîðîãå âåðîÿòíîñòè ñâûøå 0.55 ïðàâèëüíîé áèíàðíîé êëàññèôèêàöèè ïàóç âîçíèêàåò âîçìîæ-
íîñòü ïîñòðîåíèÿ âûñîêîýôôåêòèâíîãî èíñòðóìåíòàðèÿ ýêñïåðòèçû.

Êëþ÷åâûå ñëîâà: íåéðîííàÿ ñåòü ãëóáîêîãî îáó÷åíèÿ, òî÷êè ìîíòàæà, öèôðîâàÿ îáðàáîòêà ôîíîãðàì-
ìû, öèôðîâàÿ ôîíîãðàììà, öèôðîâîé ìîíòàæ, ýêñïåðòèçà.
—————————————————————————————————————————————

Îá´ðóíòóâàííÿ ïðèíöèïîâî¿ ïðèäàòíîñò³ íåéðîííèõ ìåðåæ ãëèáîêîãî íàâ÷àííÿ äëÿ ïîáóäîâè
ñèñòåìè âèÿâëåííÿ ñë³ä³â öèôðîâîãî îáðîáëåííÿ ôîíîãðàì / Â.². Ñîëîâéîâ, Î.Â. Ðèáàëüñüêèé,
Â.Â. Æóðàâåëü // Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2020. Òîì 56, ¹ 2. Ñ. 182–188.

Àíîòàö³ÿ. Íà ìîäåë³ íåéðîííî¿ ìåðåæ³ ãëèáîêîãî íàâ÷àííÿ îá´ðóíòîâàíî ³ ïåðåâ³ðåíî ïðèíöèïî-
âó ïðèäàòí³ñòü òàêî¿ ìåðåæ³ äëÿ ñòâîðåííÿ âèñîêîåôåêòèâíîãî åêñïåðòíîãî ³íñòðóìåíòàð³þ, ïðèçíà÷å-
íîãî äëÿ âèÿâëåííÿ ñë³ä³â öèôðîâîãî îáðîáëåííÿ ó ôîíîãðàìàõ. Åêñïåðèìåíò ïðîâåäåíî íà âåëèêîìó
îáñÿç³ (á³ëüøå 100000) åêñïåðèìåíòàëüíèõ ôðàãìåíò³â íåîáðîáëåíèõ ïàóç ôîíîãðàì ³ ïàóç ³ç ñë³äàìè
îáðîáëåííÿ, îòðèìàíèõ â àâòîìàòè÷íîìó ðåæèì³. Îòðèìàí³ çàëåæíîñò³ ïîêàçàëè, ùî çà ïîðîãó
éìîâ³ðíîñò³ ïîíàä 0.55 ïðàâèëüíî¿ á³íàðíî¿ êëàñèô³êàö³¿ ïàóç âèíèêàº ìîæëèâ³ñòü ïîáóäîâè âèñîêîå-
ôåêòèâíîãî ³íñòðóìåíòàð³þ åêñïåðòèçè.

Êëþ÷îâ³ ñëîâà: íåéðîííà ìåðåæà ãëèáîêîãî íàâ÷àííÿ, òî÷êè ìîíòàæó, öèôðîâå îáðîáëåííÿ ôîíîãðà-
ìè, öèôðîâà ôîíîãðàìà, öèôðîâèé ìîíòàæ, åêñïåðòèçà.
—————————————————————————————————————————————

Substantiating the fundamental fitness of deep learnng neuron networks for construction of a system for
detecting traces of digital treatment of phonograms / V.I. Solovyov, O.V. Rybalskiy, V.V. Zhuravel //
Kibernetika i sistemnyj analiz. 2020. Vol. 56, N 2. P. 182–188.

Abstract. On the model of a deep learning neuron network, the authors substantiate and verify ptincipal
applicability of such network to create a highly efficient expert tool intended to detect traces of digital treatment
in phonograms. An experiment is conducted on a large volume (more than 100,000) of experimental fragments
of untilled pauses of phonograms and pauses with traces of treatment, obtained in the automatic mode. The
obtained dependences showed that for the probability threshold over 0.55 correct binary classification of pauses
there is a possibility of constructing a highly efficient tool of examination.

Keywords: deep learning neuron network, points of editing, digital treatment of a phonogram, digital
phonogram, digital editing, examination
===============================================================================

ÓÄÊ 681.391, 519.725

Öåëî÷èñëåííûå ìîäèôèöèðîâàííûå ñèíóñíûå ïðåîáðàçîâàíèÿ. Ìåòîä ïîñòðîåíèÿ è ðàçäåëüíûå
íàïðàâëåííûå àäàïòèâíûå ïðåîáðàçîâàíèÿ äëÿ intra-ïðîãíîçèðîâàíèÿ â êîäèðîâàíèè
èçîáðàæåíèé/âèäåî / Ë.À. Ãíàòèâ // Êèáåðíåòèêà è ñèñòåìíûé àíàëèç. 2020. Òîì 56, ¹ 2. Ñ. 189–202.

²ë.: 0. Òàáë.: 10. Á³áë³îãð.: 33 íàçâè.

Àííîòàöèÿ. Ïðåäëîæåí ìàòðè÷íûé ìåòîä ïîñòðîåíèÿ öåëî÷èñëåííîãî ìîäèôèöèðîâàííîãî ñè-
íóñíîãî ïðåîáðàçîâàíèÿ òèïà VII ïîðÿäêà 8, íà îñíîâå êîòîðîãî ïîñòðîåíû äâà öåëî÷èñëåííûõ ïðåîáðà-
çîâàíèÿ è ðàçðàáîòàíû àëãîðèòìû áûñòðîãî âûïîëíåíèÿ 8-òî÷å÷íûõ öåëî÷èñëåííûõ ìîäèôèöèðîâàí-
íûõ ñèíóñíûõ ïðåîáðàçîâàíèé òèïà VII, òðåáóþùèå âûïîëíåíèÿ òîëüêî öåëî÷èñëåííûõ îïåðàöèé.
Àëãîðèòìû èìåþò íèçêóþ âû÷èñëèòåëüíóþ ñëîæíîñòü, êîòîðàÿ â 4,5 è 10,9 ðàç ìåíüøå ïî ñðàâíåíèþ ñ
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èçâåñòíûì àëãîðèòìîì. Ïðåîáðàçîâàíèÿ èìåþò áîëåå âûñîêèå õàðàêòåðèñòèêè ýôôåêòèâíîñòè êîäèðî-
âàíèÿ ïî êà÷åñòâó ñòåïåíè ñæàòèÿ, ÷åì èçâåñòíûå ñèíóñíûå ïðåîáðàçîâàíèÿ. Ðàçðàáîòàíû àëãîðèòìû
áûñòðîãî âûïîëíåíèÿ 2D 8-òî÷å÷íûõ ðàçäåëüíûõ íàïðàâëåííûõ öåëî÷èñëåííûõ êîñèíóñíîãî è ìîäèôè-
öèðîâàííûõ ñèíóñíûõ àäàïòèâíûõ ïðåîáðàçîâàíèé äëÿ intra-ïðîãíîçèðîâàíèÿ íèçêîé âû÷èñëèòåëüíîé
ñëîæíîñòè, êîòîðàÿ â 4,62 è 8,24 ðàç ìåíüøå ïî ñðàâíåíèþ ñ èçâåñòíûìè àëãîðèòìàìè.

Êëþ÷åâûå ñëîâà: äèñêðåòíîå êîñèíóñíîå ïðåîáðàçîâàíèå, äèñêðåòíîå ñèíóñíîå ïðåîáðàçîâàíèå, öåëî-
÷èñëåííîå êîñèíóñíîå ïðåîáðàçîâàíèå, öåëî÷èñëåííîå ñèíóñíîå ïðåîáðàçîâàíèå, öåëî÷èñëåííîå ìîäè-
ôèöèðîâàííîå ñèíóñíîå ïðåîáðàçîâàíèå, ðàçäåëüíîå íàïðàâëåííîå àäàïòèâíîå ïðåîáðàçîâàíèå, ìîäîçà-
âèñèìîå íàïðàâëåííîå ïðåîáðàçîâàíèå, áûñòðîå âûïîëíåíèå ïðåîáðàçîâàíèÿ, ìàñøòàáèðîâàííîå ïðåîá-
ðàçîâàíèå, intra-ïðîãíîçèðîâàíèå, âèäåîêîäèðîâàíèå, H.265.
—————————————————————————————————————————————

Ö³ëî÷èñëîâ³ ìîäèô³êîâàí³ ñèíóñí³ ïåðåòâîðåííÿ. Ìåòîä ïîáóäîâè ³ ðîçä³ëüí³ íàïðàâëåí³
àäàïòèâí³ ïåðåòâîðåííÿ äëÿ intra-ïðîãíîçóâàííÿ â êîäóâàíí³ çîáðàæåíü/â³äåî / Ë.Î. Ãíàò³â //
Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç. 2020. Òîì 56, ¹ 2. Ñ. 189–202.

Àíîòàö³ÿ. Çàïðîïîíîâàíî ìàòðè÷íèé ìåòîä ïîáóäîâè ö³ëî÷èñëîâîãî ìîäèô³êîâàíîãî ñèíóñíîãî
ïåðåòâîðåííÿ òèïó VII ïîðÿäêó 8, íà îñíîâ³ ÿêîãî ïîáóäîâàíî äâà ö³ëî÷èñëîâ³ ïåðåòâîðåííÿ ³ ðîçðîáëå-
íî àëãîðèòìè øâèäêîãî âèêîíàííÿ 8-òî÷êîâèõ ö³ëî÷èñëîâèõ ìîäèô³êîâàíèõ ñèíóñíèõ ïåðåòâîðåíü òèïó
VII, ÿê³ ïîòðåáóþòü ò³ëüêè ö³ëî÷èñëîâèõ îïåðàö³é. Àëãîðèòìè ìàþòü íèçüêó îá÷èñëþâàëüíó ñêëàäí³ñòü,
ÿêà â 4,5 ³ 10,9 ðàçè ìåíøà ïîð³âíÿíî ç â³äîìèì àëãîðèòìîì. Ïåðåòâîðåííÿ ìàþòü á³ëüø âèñîê³ õàðàêòå-
ðèñòèêè åôåêòèâíîñò³ êîäóâàííÿ çà ÿê³ñòþ ³ ñòóïåíåì ñòèñíåííÿ ïîð³âíÿíî ç â³äîìèìè ñèíóñíèìè ïåðå-
òâîðåííÿìè. Ðîçðîáëåíî àëãîðèòìè øâèäêîãî âèêîíàííÿ 2D 8-òî÷êîâèõ ðîçä³ëüíèõ íàïðàâëåíèõ ö³ëî-
÷èñëîâèõ êîñèíóñíîãî ³ ìîäèô³êîâàíèõ ñèíóñíèõ àäàïòèâíèõ ïåðåòâîðåíü äëÿ intra-ïðîãíîçóâàííÿ íèçü-
êî¿ îá÷èñëþâàëüíî¿ ñêëàäíîñò³, ÿêà â 4,62 ³ 8,24 ðàçè ìåíøà ïîð³âíÿíî ç â³äîìèìè àëãîðèòìàìè.
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òâîðåííÿ, ðîçä³ëüíå íàïðàâëåíå àäàïòèâíå ïåðåòâîðåííÿ, ìîäîçàëåæíå íàïðàâëåíå ïåðåòâîðåííÿ, øâèä-
êå âèêîíàííÿ ïåðåòâîðåííÿ, ìàñøòàáîâàíå ïåðåòâîðåííÿ, intra-ïðîãíîçóâàííÿ, â³äåîêîäóâàííÿ, H.265.
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Integer modified sine transforms. A construction method and separable directional adaptive transforms
for intra prediction in image/video coding / L.O. Hnativ // Kibernetika i sistemnyj analiz. 2020. Vol. 56, N 2.
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Abstract. The author proposes a matrix method for constructing a modified order-8 integer sine
transform type VII. Based on the method, two modified order-8 integer sine transforms type VII are constructed
and algorithms for fast implementation at 8-point modified integer sine transforms type VII are developed,
which require only integer operations. These algorithms are of low computational complexity and their
computational complexity is 4.5 and 10.9 times less than for the well-known algorithm. These transforms have
higher coding performance for quality and compression ratio than the well-known sine transforms. Algorithms
for fast implementation of 2D 8-point separable directional integer cosine and modified sine adaptive
transforms for intra prediction with low computational complexity are developed, and their computational
complexity is 4.62 and 8.24 times less than that in the well-known algorithms.

Keywords: discrete cosine transform, discrete sine transform, integer cosine transform, integer sine transform,
modified integer sine transform, separable directional adaptive transform, mode-depended directional
transform, fast implementation transform, scaled transform, intra prediction, video coding, H.265.
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